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TO 

MRS. JOHN GREGORY, 

lOLWATTKIX, WieOONBDr. 

¥7 DsAB Lbzib:— . 

I do not know any one to whom the following pages will pvove 
more attraetive than to yourself. 

Cradled, as yon literally were in the midst of Miorosoopes ; sorrouided 
hy, and throughout your early life aocustomed to examine preparations of 
all sizes and kinds, and frequently to hear descriptions of them in the 
public lecture room, this volume, with its illustrations, must needs possess 
greater charms for you than for most readers. 

Ton will be constantly reminded, when gazing on the pictorial repre- 
sentations of well-remembered preparations, of the many delightful hours 
we have epeat together in days that are past, enraptured with the sur- 
passing beauty of the originals I 

But, under any circumstances, as a record of the labors of my life, I 
cannot but think it will ever be acceptable to you ; moreover, I venture 
to hope it will be found of some value in your family, by contributing to 
the education of your own children. 

It is a subject of deep regret to me, that I have been deprived of your 
judicious, keen criticism ; but, with all its faults, I dedicate this book to 
you, as the least testimonial I can offer of a Father^s fond affection. 

That you may long ei\joy every earthly blessing, is the sincere and 
heartfelt wish o^ 

Hy Dear Child, 

THE AUTHOR. 



PREFACE. 



The Anthor having been appointed to the Chairs of Yeger 
table and Animal Physiology and Entomology, in the State 
Agricnltnral College of Michigan, has felt the want of a suitsr 
ble text-book, for the nse of his students, and not being aware 
of any existing work on the plan he considers essential for the 
acquisition of these subjects, he has prepared the accompany- 
ing volume to aid him in his labors, and to fulfil a request, 
previously made to him by the Superintendent of Public 
Instruction of the State of Michigan, the Hon. Ira Mayhew, 
to write such a work. 

The ^'Sotanies" hitherto published, are insufficient as 
physiologies ; and the Animal physiologies, as yet prepared* 
"for the use of Schools," are simply epitomized treatises on 
Human anatomy, and are generally too technical and obscure 
to be available for the purposes of popular instruction. 

This latter subject, a distasteful one, even to Medical 
Students, who rarely learn it, must necessarily prove a severe 
tax to the youth of both sexes, who throng tiiie public and 
private schools of the country, whilst many of the illustrations 
supposed to be necessary to these books, are, to say the least 
of them, most uninviting. 

. The attempt to teach only Human Physiology, like a 
similar proceeding in regard to anatomy, can only end in 
failure: whereas, if thQ origin (so to speak) of the organic 
structures in the animal kingdom, be sought for and steadily 
pursued through all the classes, showing their gradual com- 
plication, and the necessity for the addition of accessory 
organs, till they reach their utmost development and cul- 
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minate in man^ the study may (possibly) be rendered an 
agreeable and interesting one, and be fraitful in profitable 
results. 

Throughout the accompanyiog pages, this principle has 
been kept steadily in view, and it has been deemed of more 
importance to impart solid and thorough instruction on the 
few subjects discussed, rather than embrace the whole field 
of physiology, and, for want of space, fail to do justice to any 
part of it • 

The development of the nutrimental organs, and of the 
brain and nervous system, have been considered as of pri- 
mary importance, and to the consideration of these topics 
much space and great care have been devoted. The latter 
subject has always been most difficult to understand, and the 
attempt has been made by the Author, to popularize this 
very abstruse subject; with what success remains to be 
seen. 

In proof that the views above-enunciated are supported 
by high authority, the opinions of the distinguished Haller, 
and the late Baron Cuvier, are quoted; moreover, the 
Authors of the best and most reliable treatise on human 
physiology — Todd and Bowman — ^have adopted, and given 
expression to the same opinion. 

^ A knowledge of human anatomy alone, is not sufficient to 
enable us to form accurate views of the ftmctions of the vari- 
ous organs." Before an exact knowledge can be formed of 
the functions of most parts of living bodies, Haller says, that 
'^ the construction of the same part must be examined and 
compared in man, in various quadrupeds, in birds, in fishes, 
and even in insects." 

Cuvier has compared the examination of the comparative 
anatomy of an organ in its gradation from its most complex 
to its simplest state, to an experiment which consists in re- 
moviug successive portions of the organ, with a view to 
determine its most essential and important part. In the ani- 
mal series we see this experiment performed by the hand of 
nature, without those disturbances which mechanical violence 
must inevitably produce. Tlius we learn that one portion 
of tiie nervous system, in those animals in which it has a defi- 
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nite arrangement, is pre-eminentlj associated with the mental 
principle, and is connected with, and presides over, the other 
parts. 

The brain is always situated at the anterior or cephalic 
extremity of the animal, and with it are invariably connected 
the organs of the senses, the inlets to perception. We soon 
find that the brain exhibits a subdivision into distinct parts ; 
and of the relative importance of these parts, and their con- 
nection with the organs of sense, and with the intellectual 
functions, we derive the most important information, from 
the study of comparative anatomy. 

In, place of ^' questions," the Author has preferred to give 
an analysis of the paragraphs, which will render it equally 
compulsory with the Teachers and the students, to make 
themselves acquainted with the book; moreover, it forms 
an anah/Hcal index of the contents of the lessons, of much 
value. 

Instead of appending a glossary of technical terms^ neces- 
sarily used, the translation of difficult, or uncommon words 
has been given, simultaneously with the use of them, and to 
this rule, it is hoped, there are but few exceptions. 

It is presumed that the beauty of the wood engravings,, 
that so plentifully adorn this work, is so apparent, that little 
requires to be said in their praise ; the Author feels, however,, 
desirous of expressing his deep obligations, and tendering his 
best thanks to the accomplished artist who produced th^n, 
Mr. H. E. Downer, of this City. As the work of a young 
man only ndneteen year^qfagey they are extraordinary ; whilst 
the incessant labor necessary to their production, and the 
untiring energy and zeal displayed by him, are worthy of the 
utmost commendation. It may be a matter of observation 
and remark, that the style of all the engravings is peculiar. 
Nearly thirty years ago, the Author had a series of 400 
diagrams, for public lectures, prepared on this principle — 
white figures, on a dead-black ground. They consisted of 
subjects kindred to the illustrations of this book, and, from 
their distinctness, elicited universal approbation. 

He has always (subsequently) thought that tiie same plan 
would prove most eflfective for wood-engravings of the same 
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tissues and stractures, and this opinion induced him to make 
the experiment : how far it is successful^ he leaves others to 
determine. He ventures to presume that, in the delineation 
of nerves J there can be no doubt, as they are always eminently 
white ; and such is their extreme delicacy in the lower ani- 
mals, that justice could not be done to them by the adoption 
of any other method. 

In the list of engravings, the word " Original '' very fre- 
quently occurs ; it is not intended to imply that such illustra- 
tions have not been published before, but simply to indicate 
that the drawings have been made from preparations dissected 
by the Author, and to be found, either in the Museum of the 
Boyal College of Surgeons, or forming a portion of his pri- 
vate collection. He is quite aware, however, that a great 
proportion of them are not only original, but unique, and 
have not been published before. 

Finally, should the perusal of this book impart to its 
readers only a tithe of the pleasure the Author has had in its 
production, they and he will be alike repaid. 

Dbtboit, IdomaAN, JPb&ruary, 1858. 



ANALYSIS OF THE LESSONS.* 



PART I. 

VEGETABLE TISSUES. 



LESSON I. — ^iNTBODVcnov, .^ p. 1. 

1. Physiology explained. 2. K has become a modem scienee. 8. Value of 
the Microscope. 4. Hifltology, its origin^ 5. Its relation to Physiology. 6. 
Direct applioation. 7. A knowledge of the ultimate structure of tissues insisted 
on. 8. The study of Physiology a work of time. 9. Analysis of the lowest 
plants. 10. The properties of a celL 11. Subject continued. 12. TheYolTOx 
globator. 18. Their habitat. 14. Their locomotion. 15. More accurately de- 
scribed. 16. Method of seeing these organs. 17. The name given to them. 

LESSON n. — ^iHTBODUonoK, ooirrannn), p. 4. 

18. The nature of the large green masses. 19. How they escape. 20. The 
higher and lower plants compared. 21. Analysis of a forest tree. 22. Exam- 
ination of the root. 28. Fluid of the spong^oles. 24. Production of latex. 26. 
Exhalation, and aeration. 26. Assimilation explained. 27. Nutrition described. 
28. Secretion explained. 29. The transitory life of cells. 80. Absorbent cells 
always changing. 81. Absorption in plants and animals compared. 82. The 
transitory duration of cells, exemplified. 88. Fall of the leaf: what causes it. 
84. Secreting cells, equally transitory. 85. Function of cells. 

LESSON m. — ^Irtroditctioh, oovcluded, p. 7. 

86. Reproduction defined. 87. The germ considered. 88. The elements of 
animals and plants alike. 89. The embryo condition of both the same. 40. 
Identity of the lowest animals and plants. 41. The irritability of animalcules 
exhibited. 42. Its cessation. 48. Their digestiTe oayities. 44. Ehrenberg^s 
opinions on this subject. 45. These opinions refuted. 46. The Enchelis pupa. 
47. Their yibratile dlia. 48. Their mode of dcTelopment 49. Maturity, and 

* The nconberB refer to the ptngraphA. 
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itf eonieqaenoes. 50. Distribution of the genu oeDs. 61. Identity of thb pro- 
ceM of development in plante. 62. Deyelopment of the "Frog's spittle." 58. 
The first stage. 64. The second stage. 66. The third stage spontaneons di- 
Tision. 66. Termination of tlie process. 67. Similarity of the nltinuite stroo- 
tnre of the tissues of plants and animalB. 68. llssnee peculiar to ^njmfl ig 69. 
Cellular characteristics of certain animal tissues. 

LESSON rv.— Oh thx gnvcTURs ov Ykorabu Tissiria. Starch, . p. 11. 

60. Shnplicity of their structure. 61. Cellulose. 62. Its characters. 68. 
Its chemical characters. 64. The tissues of the higher plants. 66. Their 
union. Cellulab txssub— 66. The formation of this tissue. 67. The size of 
cells. 68. The union of cells. 69. Formation of tubes. 70. CeUular pUnts. 
71. The structure of pith. 72. Porosity of cells. 78. Porous cells. 74. Cells 
poMess contents. 76. Sometimes a nucleus. 76. Sometimes formed for special 
contents. 77. Starch. 78. Where found. 79. Structure of Potato. 80. Of 
a corpuscle of starch. 81. The lines not always found. 82. The birgest cor^ 
pusole of starch. 88. The Indian Com starch. 84. Wheat starch. 85. Bice 
starch. 86. The use of Starch to the pUnt 

LESSON' y.— Thi BUBJior or Starch covcludid. Gums ahd Svoab, . p. 16. 

87. Analysis of starch found in a given quantity of Potatoes. 88. Its vari- 
ations. 89. The structures containing Starch. 90. Starch a constituent of poi- 
sonous plants. 91. Wheat starch and gluten in situ. 92. The same in moun- 
tain rice. 98. A chemical test for starch. 94. Its mode of actiom 96. The 
method of converting starch into dextrine. 96. Gnm, where found. 97. The 
different kind of gums. 98. Gum Arabic. 99. Combined with C^rracine, 
100. Mucilage. 101. Cerracine described. 102. PeeHne : its characters. 108. 
Sugar : its varietie& 104. Cane sugar. 106. Mannite. 

LESSON VI.— 0u8, Wax, Chlobophtllx, Resinous pboducib, Gaout- 

OHOUO, p. 18. 

106. Vegetable OUs : their affinities. 107. Where met with. 108. They are 
/m4 or ennUiaL 109. The compoation of fat oils, lia Castor Oil 111. 
Essential oils : where found. 112. Oil and oil cells of the Almond. 113. Same 
in the Coooanut. 114. Wax : where found. 115. Bees supposed to seersfo wax. 
116. Where and when they obtain it 117. They coUeet it in a pure state* 
118. How they work it 119. The Bee is really hden. 120. Ear Wax. 121. 
Cblorophtlls : what it is. 122. Resinous products. 128. More fully described. 
124. Caoctgrovo : where found. 126. Gutta Percha : where procured. 126. 
The hiotiferous vessels of plants, 127. The properties of the milky juice. 

LESSON Vn.— Rapbidis, P> 21. 

128. What they are ; the name translated. 129. They are sonethnes stel- 
late. 180. Where found, 181. OxaUc acid hi plants. 182. How neutraliwd. 
188. And rendered wholesome. 184. Raphides of the Onion. 186. Their shape. 
186. Plurality of crystals in cells. 187. Raphides m Pi&idant 188. The quan- 
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tity in English as compared with Turkey Bhubarb. 189. Stellaie crystals, where 
found. 140. Other acids found in plants. 141. Phosphate of Lime. 142. The 
number of raphides found in a given space. 148. Their number in the Cacti 
144. Bark of trees contains them. 145. And the testa of certain seeds. 

LESSON TUL— ScLEROOiM, os Liohins, p. 24. 

146. Definition of the name. 147. Sclerogen of Nut lyory. 148. Originally 
soft. 149. Demonstration of it. 150. Gritty tissue. 161. A Pear demon- 
strated. 152. Probable intention of this structure. 158. Demonstration of this 
tissue, repeated. 154. Sclerogen in testa of Nut Irory. 156. The Sclerogen of 
fruit stones described. 156. The Cherry stone demonstrated. 157. The Cocoa- 
nut shelL 158. Importance of wood and bass^ells. 159. Bass-cells described. 
160. The uses to which they are applied. 161. Flax, Hemp, Ac., where pro- 
cured. 162. Other plants described. 168. Tenacity of woody fibre, tabulated. 
164. The fibre preserred in Chinese rice paper. 165. Necessity of examining 
Flax, microscopically. 166. How to proceed. 167. What will be seen. 168. 
The outer membrane. 169. Length of tubes. 170. Cotton not woody fibre. 

LESSON EL— Yasculab Tifeui, p. 28. 

171. Action of the roots of a pUnt. 172. Efflscts of the motion of the sap. 
178. Formation of Tascular tissue. 174. Vascular tissue in Monocotyledonoua 
plants. 175. In Dicotyledonous plants. 176. Deyelopment of wood. 177. 
Value of the spiral fibre. 178. Vascidar tissue under the microscope. 179. The 
several forms of vessels; 180. The original form of spiral yessels. 181. Disin- 
tegration of si^ral resseb. 182. The process of decay. 188. Absorption does 
not cease. 184. The mode in which an annulus divides. 185. Formation of 
" old Tessels." 186. The shape of vessels. 187. Scalariform vessels. 

LESSON Z.—- PoBOVS akd doird Duoib, p. 82. 

188. Description of ducts. 189. Distinction between spiral vessels and ducts. 
190. The trees they are peculiar to. 191. A description of the cells. 192. 
Dotted ducts of the Pines, described. 198. Value of their characters. 194. 
Shape of the dotted or porous vessels. 195. The perforations of old dotted 
ducts. 196. They are often Jointed. 197. Where found : their appearance. 
198. Porous ducts of the Locust tree. 199. Same in the Apple tree. 200. And 
in the Bas^wood. 201. Description of it. 

LESSON XI.— SiucA, p. 84. 

202. Its importance to the plant. 208. Necessity for Carbonate of Bme. 
204. How it is compounded. 205. Silica exists in plants as pure flint. 206. How 
it is obtained. 207. Orasses contun silica in large quantity. 208. The method 
of digesting it. 209. Silica succumbs to alkalies. 210. The siDoates formed by 
the Chemist. 211. Properties of the natural silicates. 212. This subject con- 
tinued. 218. The probable process of silicification of plants and animals. 214. 
Continued. 215. Artifloial fostflization, or silicification. 
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U33BOK UL'^TUCA^ w t imumi , p. S«. 

216. Silica abounds in the lowest plants. 217. The lorictt of the Diatoms. 
218. The Arachmoidiscns. 219. Beeent and fossil Diatomacee. 220. Silica in 
the grasses. 221. How it is that straw grows erect 222. How to demonstrate 
its structore. 228. Defence of the grasses : husk of Bje. 224. Husics, and 
pales of grasies : eflTeets of brown bread. 225. Demonstration of this state 
ment. 226. Bj means of the microscope. 227. The action of alica on the 
organs of nntritioik 228. The Berg-mehL 229. Its microscopical character. 

LESSON XnL— Siuci, concluded, . . . *. p. 88. 

280. Silica from the husk of theOat 231. From the husk of the Bice. 
282. Flint in the Horse tails. 288. The flint a cast of the cuticle. 284. Struc- 
ture of the Stomata. 285. The uses of Dutch rush. 286. The bullrushes. 
287. SiBca not confined to the grasses. 238. The Deutzia scabra. 289. The 
structure of the upper cuticle. 240. The under cuticle. 241. Use of the learee 
of Deutzia. 242. Large amount of silica in the canes. 248. The like in reeds. 
244. The formation of regetsEble sap. 245. Mutual decompodtion of some ol 
the elements. 246. The silicic acid of Chara translucens, and allied species. 

LESSOK XIV.— Haibs, p. 41. 

247. Composition of hairs. 248. Variety of their form. 249. How consti- 
tuted. 250. Where found. 251. They are sometimes very extenslTely de- 
veloped. 252. Hairs of the Cowitch. 258. Of Venus' Fly-trap. 254. Hairs 
of Cotton. 255. The division of hairs. 256. Gkndukr hurs. 257. Stalked 
hairs. 258. Hairs are sometimes ducts. 259. Hair of the nettle. 260. How 
to avoid being stung by it. 261. Hair of Chinese sundew. 

LESSON XV.— CuTiCLX, p. 44. 

262. Besemblance between the cuticle of plants and animals. 268. Mode of 
its formation in plants. 264. Its texture. 265. Position of the stomata. 266. 
Opening and closing of the stomata : on what this action depends. 267. The 
number of stomata. 268. Number in different plants tabulated. 269. Leaves 
upon which stomata are not found. 270. Stomata of Buscus aculeatus. 271. 
Of the Ivy. 272. Of the White LUy. 

LESSON XVI.— LiATBS, p. '46. 

278. Nature of leaves: their varieties. 274. Aerial leavss — description 
of them. 275. Vascular system of the lea£ 276. How distributed. 277. The 
Parenchyma. 278. How formed. 279. The upper cells of the Parenchyma. 
880. Ezanynation of a Melon leaf. 281. Of the leaf of the Balsam. 282. The 
green color of leaves. 288. The dark color of the Negro skin : how caused. 
284. The same law governs the color of the leaf of a plant and the human 
skin. 285. The vascular system of a leaf. 

LESSON XVn.'-4)7 TBI Sums of Tuua, p. 48. 

286. Their anatomical character. 287. Of what ^e stems are composed. 
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888. Beseription continued. 289. Differences in the mode of arrangement, and 
consequent division of plants: character of Endogens. 290. Character of 
Exogens. 291. Andof Acrogen& 292. Resum^. 298. Other distinctions. 294. 
Becapitulation. 295. Exogens most numerous. 296. The Aerogtn described. 
297. Tree Ferns, the best example. 298. Transverse section of Tree Fern de- 
scribed. 

LESSON XVlll.— The Endooehoub Stim, p. 61. 

299. Its characters defined. 800. Endogens belong to hot climates. 301. 
The Endogenous stem exemplified. 802. The early condition of it. 808. The 
cellular tissue. 804. The dotted yessels. 805. Exempt from parasitic plants. 
806. The soft wood is internal. 807. The rapidity of their growth. 808. Vas- 
cular bundles of the Bamboo. 

LESSON XIX.— Thk Exogenous Stem, p. 52. 

809. Originally cellular. 810. Development of other tissues. 811. Com- 
pleted structure. 812. The second year's growth. 818. The Cambium cells. 
814. The medullary sheath. 816. The second year's growth more fully ex- 
plained. 816. Changes in the permanent woody stem. 817. Order in which 
the tissues are produced. 818. Tissues of the second year. 819. The third 
year's growth. 820. The subject continued. 821. The characters of the tissues 
given separately. The Wood, — 822. How the layers of wood are formed. 828. 
They consist of woody fibrea 824. Hardness of the wood in old trees. 826. 
The heart-wood is colored in some trees. 826. Proportions of heart-wood and 
albumen differ. 827. Durability of wood. 

LESSON XX— The reicainino Tissues, p. 66. 

The Medullary rays. — 828. Their structure. 829. Their position. 880. Their 
dze varies. The Cambium /ay«r.— 881. Where situated. 882. Its composition. 
888. What can be done in the spring. 7%« ^orib.— 884. Its development. 885. 
The inner bark. 886. The fibres of Bass-wood. 887. Separation of the fibres. 
888. Immunity from decay of woody fibre. 889. The importance of woody 
fibre : known to the ancient Egyptians. 840. They employed it in the manu- 
facture of linen. 841. An ancient mummy exhumed by Belzoni 842. A still 
older one at Rome. 848. These facts known to roicroscopists. 844. Ancient 
Peruvian mummy cloth. 846. Economic value of woody fibre. 846. Our obli- 
gations to this tissue. 



PART II. 

ANIMAL TISSUES. 



LESSON XXI.— The Orioieal Compounds or the Animal Body, . . p. 69. 

347. Composition and uses of the parts of an Egg. 848. Albumen: what 

becomes of it. 849. Its changes not confined to embryonic, or youii^ condition 

of life. 860. Gelatine : what becomes of it. 861. Non-gelatinous tissues. 
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852. Chemical oompodtion of Allmmeii. 858. Its change into fibrina 854. 
Chemical composition of fibiine. 855. Solubility of fibrine. 856. Resemblance 
of albmnen and fibrine. 857. Proteine : its composition. 858. Under what 
oircnmstances albumen coagulates. Tendency of fibrine to form tissues : Tu- 
mors. 859. Conversion of albumen into fibrine. 260. Where it appears. 861. 
In the blood : its proportion. 862. Coagulable lymph : how formed. 868. Ex- 
udation : how formed. 864. Latex of plants compared with blood. 865. Fib- 
rillation of fibrine. 866. Tissues formed by it. 867. Membrana putaminis. 
868. Utility of fibrillated fibrine. 

LESSON XXn.— Ov Cells, Mimriukbs, and FiBBn» p. 68. 

869. Animal cell : its history : comparison of celluloee and cellular tissue. 
870. Composition of animal cells. 871. Contents of animal cells. 872. Nu- 
cleoli. 878. Multiplication of cells. 874. Cartilage. 875. Cellular — areolar 
tissue : its structure : demonstration of it 876. White and yellow fibrous tis- 
sue. 877. Where found. 878. Demonstration of white fibrous tissue. 879. 
Demonstration of yellow fibrous tissue. 880. Ligamentum nuchsd : illustrated. 

LESSON XXin. — SiMPLK Cells floatikg in Animal Fluids, ... p. 66. 

881. Human blood : circulation in Frog's foot. 882. Bed corpuscles : their 
form. 888. Their elasticity. 884. Their size. 885. Does the human blood 
corpuscle contain a nucleus? 886. Membrane of corpuscle: effect of water: 
eflfect of syrup. 887. Measurement. 888. Effect of inflammation : rouleau. 
889. Frog's blood: illustration: its fibrillation. 890. Fibrillation and illustra- 
tion of blood : Locust. 891. Probability of a nucleus in human blood: exami- 
nation of blood taken by Mosquitos, illustrated. 892. Shape and comparative 
size of blood corpuscles in animals, illustrated. 898. Colorless corpuscle, illus- 
trated. 894. Formation of colorless corpuscles. 895. Their change into red 
corpuscles. 896. Their power to repair i^uries. 

LESSON AMY. — Cells dsysloped upon feee subfaces of the Bodt, p. 71. 

897. Epidermis. 898. Strooture of epidermis : abktions. 899. Sponge 
bath : temperature of roona. 400. Effects of eoUd chiU. 401. Effect of cold 
water on young children. 402. Necessity of warm clothing for females. 408. 
Corsets advocated. 404. Shoulder straps to be used to remove weight of 
elothmg from the hips. 405. To produce reaction in yoang children. 406. 
Improper time to take a bath. 407. Another form of bath. 408. Friction re- 
commended. 409. Many ducts in epidermis : of what kind. 410. Intention of 
their production. 411. Effects of the removal of epidermis : secretions of its cells. 

LESSON XXV.— The Nails, p. 74. 

412. Composition of naiL 418. Matrix of the naO : its structure and com- 
position, illustrated. 414. Malplghian layer: its structure, illustration. 415. 
Structure of homy layer, illustrated. 416. Vascularity of matrix of the naO, 
illustrated. 417. Operation for removal of nail : why it does or does not grow 
again. 418. How operation should be performed. 419. Homy hoofii of cattie : 
their vascularity. 
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LESSON ZXVI.— Hub, p. 77 

420. Structure of Hair : the layers of which it consists. 421. The cortical 
substance. 422. The medullary substance. 428. Difference between feathers and 
hair. 424. Vascularity of feathers. 425. Structure of a feather illustrated and 
explained. 426. Cuticle of human hair : its composition. 427. How attached. 
428. Shaft of a hair. 429. Epidermic scales remoTable : illustration. 480. 
Action of GausUc Potash and Soda on cortical sabstance: pigment grannies: 
air. 481. Scales of the root of hair, illustrated. 482, Structure of medulla : 
action of caustic soda upon it : air contained in it : illustrated. 488. Air de- 
monstrated in the shaft of human eye-brow, illustrated. 484. TransTcrse sec- 
tions of human hair described and illustrated. 486. Elasticity of hair : absorp- 
tion of moisture. 486. Chemical composition of hair. 487. Structure of Wool : 
Browne^s comparison of a Negroes hair and wool : his statements examined. 
488. These opinions reftited. 489. Hair of Kegro, illustrated : Hair of Indian, 
illustrated. 440. Hair of beard. 441. Why the hair of the Indian and Negro 
should be stronger and coarser than hair of a white man. 

LESSON XXVn.— Hair, ooholudbd, p. 88 

442. Importance of a knowledge of the structure of Hair. 448. Vascularity 
of follicle of feline animals. 444. The structure of transTerse sections of yi- 
brisBse : Tiger and Cat. 446. Importance of Tibrissas to the feline ^nimRla- 
446. Their use. 447. An experiment. 448. Value of transverse sections of 
hair. 449. Vibrisse, Rat and Raccoon ; air in the medulla. 460. Pachyder- 
matous (thick-skinned) animals : plurality of medullary canals : hair of the Ele- 
phant's tail, illustrated. 461. Hair of the Elephant's proboscis and Hog's bristle 
compared. 462. Structure of whalebone : hair from the mane of the Horse an 
exception to the pachydermatous rule. 468. Hair of the Turkey. 464. Hair 
of the Ruminantia : cellular structure of the Stag's hair explained and illustrated : 
Wapeti Deer. 466. Goat's hair : comparison. 466. Hair of Ornithorhyncus 
paradoxus : its peculiarity explained. 467. QuiH of the Porcupine described 
and illustrated : its affinity to hair. 468. QuOl of English Hedgehog described 
and figured. 469. Quill of the American Porcupine : the difference of structure 
explained. 460. Imbrications on the hairs of animak 461. Hair of the Seal 
described and illustrated. 462. Mouse hair, Its peculiarities : hair of Phasco- 
gale pennidllata. 468. Hair of Indian Bat. 464. Remarkable hair of Aphro- 
dita hispida. 465. Curious hair of Dermestes lardariu& 466. Hairs of the 
lar?a described. 

LESSON JLJL Y ill.— EpiTBXLnnc. Skbovb and Stkotial HniBRAiraB, . p. 98. 

467. Epidermis and Epitheliam compared. 468. Where found. 469. Form 
of cells. 470. Tessellated or pavement epithelium. 471. Nucleus in cells. 
472. Cylinder epithelium. 478. How to see the cylindrical ceUs. 474. Cylinder 
qiitiidium : wherd found. 476. Ciliated epithelium : where found. 476. Action 
of epithelium : its continuance after death. 477. This phenomenon not confined 
to man. 478. CSliated epithelium of the Frog : how seen. 479. Ciliated epi- 
thelium, from tiie drum of human ear. 480. Epithelium^ like epidermis, ex- • 
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foliatea 481. Epithelium oa serous membranes. 482. Two nuclei found in 
one celL Serous and Stnotlil Hsmbrikes.— 488. Tlieir structure. 484. 
Closed sacs: their contents. 486. Where found. 486. Serous membranes 
invest abdominal viscera. 487. Synovial membrane: its description: whero 
found. 488. Bursa mucosn. 

LESSON XXIX.— Oboans ov Nutritiok, «... p. 07. 

489. Examination of stagnant water by the microscope : its revelations. 
490. Plurality of digestive sacs. 491. Probably this description is erroneous. 
492. Characters of the Botifera. 493. Arrangement of their vibratile organs. 
494. Remarkable tenacity of life. 495. Habitkt of Entozoa. 496. Description 
of them. 497. The AeephalocyH, 498. Description of it 499. Two species 
of them : mode of multiplication. 500. The Cctnttrui oarebrtUia, 501. The 
"gid," or mad-staggers in animals: what produces it. 502. Description of 
Ooenurus. 508. Hydatids liave no sex. 504. JEchinoeoecua hominis : descrip- 
tion of it 505. C^ttieercua eeUuloaa, 506. Where found: 507. Temia toZttcm, 
or Tape-worm, described. 508. DUtoma : two species of them. 509. IHttoma 
kepaticuniy described. 510. JHttama lanceokOum, described. 511. Para^tes of 
the Pig, enumerated. 

LESSON XXX. — Oboaks or Nutbhion, continueo. Poltpi, ... p. 108. 

512. General description of them. 513. Harine Polypes. 514. Fresh water 
Polypes enumerated and described. 515. Habits of the HydrsB. 516. Their 
simplicity of structure. 517. Mode of reproduction — by budding (gemmation), 
and cutting them. 518. Marine Polypes. 519. CoralUvm rvbrum, 520. What 
becomes of the nutriment. 521. Nutritive organs of C. rubrtan described. 

LESSON XXXI.— Oboaztb or Nutbitiov in Acalspha, p. 106. 

522. General description of the Acaiepha. 523. PerotCa description of them. 
524. Our present information of them. 525. Khizostimia Cuvieri^ described. 
526. Cetonia auritii, described. 

LESSON XXXIL— Obgans or Nittbition in the Echxnodsbmata, . . p. 109. 

527. The characters which distinguish them. 528. Their digestive apparatus. 
529. Nutrimental org^ of Asteriaa, 530. Coecal apparatus. 531. Behinida 
explained and described. 582. Description of the teeth: salivary follicles. 588. 
Cavity of the " lantern of Aristotle," Pharynx, (Esophagus, &c. 534. The heart 
described. Holothubia. — 535. Description of them. 586. The mouth : tenta- 
cula. 537. Their teeth. 638. The oesophagus and stomach of M, eUgoM, 589. 
The branchiffi (gills). 540. Spontaneous rupture of the integument in Holothuria. 
541. Caused by great muscular irritability. 542. The tendinous chords. 548. 
Oucimariafrondoaa. 544. The sexes distinct: the ova. 5%5. Great fertility 
of Holothuria : the ovarium. 546. The respiratory organs described. 547. 
Intestines terminate in the cloaca. Sipunculus.— 648. Bough Syrinx, or Tube- 
wonxL 649. Description of it 
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LESSON XXXni. — Organs of Nutrition in thx Annillata, . . . p. 118. 

660. Name of the class : how obtained. 651. Peculiarity of the class. 
652. Respiratory organs most attractive. 558. Mode of action of these organs. 
664. Their nutrimental organs. 655. Nutrimental organs of Aphrodita acitieata, 
656. Mouth of the Leech, 667. Its oesophagus and stomach described. 668. 
Army surgeons avful themseWes of a peculiarity of the nutrimental canal. 669. 
The common mode of treating leeches condemned. 660. A better plan pro- 
posed: blood-sucking propensity in leeches a curious phenomenon. 661. 
Arenicola piecatoruniy its blood : respiratory tufts. 662. Its nutrimental organs. 
668. Cbculation of the blood. 

LESSON XXXiy.— Organs or Nutrition in the Epixoa, .... p. 122. 

664. The class described. 666. Mode of attachment of the Lernoea. 666. 
The mouth and alimentary canaL 667. The nervous system : heart and circu- 
lation of the blood. 668. The Ovaria described. 669. Disparity in size of the 
sexes : the male illustrated. 

LESSON XXXY. — Organs or Nutrition in the Oirripidia, ... p. 128. 

670. Many of them parasitic : Tubicinella. 671. Meanmg of their name. 
672. Superior protection of the visceral mass. 678. The common Barnacle de- 
scribed. 674. The sessile Girripeds. 676. The structure of a Z«p<K^ explained: 
their branchisB. 

LESSON XXXYI. — Organs of Nutrition in the Crustacea, . . . p. 126. 

676. General description of the class. 677. Their breathing organs. 678. 
Their skeleton described. 679. The power of locomotion of the Lobster. 680. 
The mouth : position of the gills. 681. Mouth, oesophagus and stonuiich de- 
scribed. 682. Their gastric teeth. 688. The alimentary canal. 684. Aorta 
and pulmonary vein : nervous system. 686. The venous sinuses. 686. They 
occupy the place of veins : extent of these sinuses. 587. Casting their claws 
(Lobsters) explained. 688. Difficulty of demonstrating these sinuses. 

LESSON XXXVn.^ORGANS OF Nutrition in Insects, p. 128. 

689. General description of the nutrimental canal in animals. 690. Modi- 
fications to which it is liable. 691. Its structure in Insects. 692. Length of 
their intestines. 698. The several parts into which they are divisible. 694. The 
salivary glands. 696. The parts described not always present. 696. The bile 
vessels. 697. The pharynx. 698. The oesophagus. 499. Mode of separation 
from the stomach. 600. The pumpmg stomach. 601. More fully explained. 
602. The proventriculus. 608. The stomach. 604. The duodenum. 606. The 
ilenm, 606. The colon. 607. The coecum. 608. The biliary vessels. 609. The 
salivary glands. 610. Principles of classification. 611. The Linnean system. 

LESSON XXXVin. — ^Nutrition in Insects, continued, p. 132. 

612. The Linnffian system exemplified. 618. The structure of the mouth in 
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Inaectg. 614 The Coleopterous order. 615. GompttratiTe length of the ali* 
mentary canal. 616. Nutrimental org^ans of Oieindela camputr%8. 617. The 
mouth in the Hemipterous order described. 618. Nutrimental organs of 
Cinux leetulariuB, 619. The Cockroaches: nutrimental organs of BUtUa Anurir 
eana described. 620. Description of Pancreatic follicles, peculiar to these in- 
sects. 621. Their saliyary glands illustrated. 

LESSON XXXIX. — NuTBinoir ni Insects, cohtdhtid, p. 188. 

622. The LinnsMO order of Henoiptera diBCUssed. 628. The OrihopUir<niM 
order. 624^ Nutrimental organs in the Cricket. 626. Salivtoy glands in Loeutia 
viridittwuL 626. The ProTcntriculus (gizzard) of ChyUaUtlpa (Mole Cricket^ 
687. Intestinal glands. 628. Ileum of Acheta do m tt H oa, 629. Parallelism be- 
tween Tegetable feeding inflects and the nmiinant quadrupeds. 630. Organs 
necessary to digest this kind of food. 681. Mouth in the Lepidoptera. 682. 
Mode of using it. 688. Structure of the under jaws. 684. Structure of the 
.fisophagus. 686. Alimentary canal of die Cabbage^ Butterfly. 686. Descrip- 
tion of it. 

LESSON XL. — NuTBinoN m IuBXora, ooNTiinna>, ....... p. 141. 

687. Nutrimental organs in the Larva : peculiarity in the development of the 
salivary glands. Structure of the alimentary canaL 688. True salivary glands 
described. 689. &3k vessels. 640. The change from a Caterpillar to a Chrysalis. 
641. The formation of silk for the Cocoon. 642. The alimentary canal de- 
scribed : its several parts. 648. Description of the minute structure of the liver. 

LESSON XTJ. — ^NuTBmoH in Ihsicts, coirmnrxD, p. 144 

644. Neuropterous insects described. 646. The Dragon flies: their great 
importance. 646. The Agrions. 647. As larvae, pupa, imago, their habits 
remain unchanged. 648. Mouth of a Dragon fly. 649.' Use of the palpi. 660. 
Use of the peculiar under lip. 661. The Htvenoptera. — ^The Bees: their 
mouth. 652. Their nutrimental organs. 668. The pumping stomach. 654. 
Action of the true stomach. 665. Function of the crop. 656. Structure of 
the stomach and the bile ducts. 

LESSON XLn.-^NiTTRinox in Insects, conolitded, p. 147. 

667. Form of the mouth in the Diptera. 668. Its peculiar form in the pre- 
daoeous diptera. 659. Also in the phytivorous species (vegetable feeders). 
660. Mouth of HdopkUw Unax. 66L Use of the rugous, fleshy lips. 662. 
Great development of the pumping stomaeh. 668. The salivary glands. 664. 
Position and oonaeotions of the cesophagus. 666. Action of the pumping 
stomach explained. 666. The alimentary canal described. 667. The Apterous 
insects. 668. Comparison of the nutrimental organs in Insects, and in other 
animals. 669. Analogy in the digestive sacs of X. viridiuma and the Rumi- 
nants. 670. Besum6. 

LESSON XLin. — Oroanb or Nutbition in Arachnida, p. 151. 

671. Characteristics of the class. 672. Mmute and parasi^ Arachnidans. 
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678. Demodex/oUiciUcrmn, 674. Desoriplioii of its month. 676. Nntrimental 
organs not yet found. 676. The itoh : what cauaes it. 677. The Acanu tcahitri. 
678. Its month described. 679. The Spiders. 680. Nutrimental organs of the 
domestic Spider. 681. Easy mode of finding th^ class of any articulate animai. 
682. Characters of the JfyricpotU. 

LESSON XLTV/— OxoAm of NnTunoir ni thi TuncATi MoLLvsoAy . p. 166. 

688. Nutrition predominates in the Mollusca. 684. Tunicata and other Mol- 
luscs are headless. 686. The cause of their name. 686. The £raehiopodt. 
687. The LameUibranchiata. 688. The Pteropoda. 689. The Oiuterf^oda. 
690. The Cephalopoda. 691. Tunicata: how found: their tunic described. 
692. Lining of the tunic : Cfffnthia pupa described. 698. The nutritive organs. 
694. They are deroid of teeth, jaws, and salivary glands : possess a lirer. 696. 
Development of ovaria and oviducts. 696. The F^ro&oma described. 697. Be- 
Boription continued. 

LESSON XLY.— NmnonoK nr thx Brachiopoda, p. 167. 

698. The orders of the class enumerated. 699. Alimentary tube in Tere- 
bratula; the arms described. 700. The nutrimental organs described. 701. 
The same subject continued. 

LESSON XLYI. — ^Nurunov nr thx LnoLLiBBAircHiATA, ahd in thi 

Ftkbopoda, *. p. 160. 

702. Organs of nutrition in the 6|yiter.* its ovarium. 708. Development of 
locomotive organs in Molluscous animals. 704. Form and position of them in 
the Pteropods. 706. Some of them are provided with a shelL 706. Their size : 
where found : they constitute the food of the Whale. 707. Hyaloa described. 
708. Its nntiimental organs. 

LESSON XLVn. — ^NuTBinoH nr thi Gastebopods, and nr thi Cipha- 

LOPODS, p. 162. 

709. Position of the respiratory organs in certain Gasteropods. 710. Eolis 
Inca. 711. Necessity for a higher grade of the nutrimental function. 712. Form 
of the mouth in AplytiafaeiaUu 718. Its organs of nutrition. 714. The same 
continued. 716. Number of .gastric cavities: development of teeth. 716. The 
teeth of Buceiman vmdatwn: the tongue of the Limpet. 717. General de- 
scription of the Gsfhalopods. 718. The tongue and salivary glands. 719. 
Alimentary canal described. 720. Description continued. 721. Description 
concluded. 722. Apparentiy defenceless. 723. Desirable food for other ani- 
mals. 724. The wisdom and beneficence of God displayed : their passive means 
of defence. 726. Situation of the ink-bag. 726. "Indian Ink" and "Sepia,** 
how made. 727. Ink obtained from fossil Cuttie-fishes. 728. Their internal 
skeleton. 729. Varied shape of the bone. 780. Its great lightness in Sepia 
officinalis. 781. Microsoopioal exhibition of it 782. The " blushing " of Cuttle- 
fishes. 
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LESSON XLVni. — ^Nutrition in Fishks and RspTfLKS, p. 167. 

788. The habits of Fishes. 784. Their accessory glands. 786. The ali- 
mentary canaL 786. Alimentary canal of the Herring described. Reptiles. — 
787. Their habits. 788. The Frog^s tongue. 789. They are carnivorous and 
predaceous. 740. The subject continued. 741. Their sense of hearing and 
sight. 742. Method of seizing their pMy. 748. It must be done quickly. 744. 
Harmlessness of Frogs. 746. The Frog's teeth : pulps injected. 746. Alimen- 
tary apparatus described. 747. The stomach injected. 748. The duodenum. 
749. The ileum. 750. Batrachians not amphibious. 761. The true amphibia 
described. 762. The Menobranchus described. 768. Its internal structure. 764. 
The Menopoma : its stomach. 765. The gradual development of the stomach. 
756. Stomach of the Snapping Turtle. 

LESSON XLIX.— Nutrition in Birds, p. 178. 

767. Adaptation of the nutrimental apparatus. 768. Comparison of the 
several forms of the bill in Birds. 769. The same subject continued. 760. 
Continued and concluded. 761. The nutrimental canal of the Fowl described. 
762. Continued. 768. The muscles of the gizzard: their action. 764. Ne- 
cessity of flint for Canary birds. 765. The subject continued. 766. The re- 
mainder of the alimentary canal described. Same in the Crow. 

LESSON L. — ^Nutrition in the Mammalia, p. 177. 

767. Great variety of the digestive organs in this class. 768. The develop- 
ment of organs of sense accessory to nutrition. 769. The RodentiOy stomach 
of the Rat 770. The same examined internally : iiyected, and microscopically 
examined. 771. The Rat, omnivorous. 772. The mode in which they are sup- 
posed to digest their food. 778. Musk-rat and other Rodents, vegetable feeders. 
774. Especial form of nutrimental organs necessary for grass. 775. The Ru- 
minants possess four stomachs. 776. Their natural gregarious habits. 777. 
Their domestic habits. 778. Mode of feeding : what becomes of the food. 
779. The subject continued. 780. Action of the second stomach. 781. The 
subject continued. 782. Process of insalivation, or ** chewing the cud." 

LESSON LI. — ^Nutrition in Mammalia, contintted, p. 180. 

788. The third stomach in the ruminant described. 784. The fourth and last 
stomach ; its function. 786. Peculiar addition to the second stomach in Camels 
and Dromedaries. 786. Comparative length of the Intestinal canal. 787. Its 
structure. 788. '* Peyer^s gUinds " in the small intestines. 789. Structure of 
the large intestine. 790. The teeth in the 0amivorou9 animals. 791. Structure 
of the tongue in the higher animals. 792. Peculiar structure of the tongue in 
the feline animals : use they make of it 798. Subject continued. 794. The 
like. 796. The Cat*s tongue : its effects. 

LESSON LII. — ^Nutrition in Mammalia, concluded, p. 182. 

796. The filiform papilhe^ where situate : the fungiform and circumvallate 
papillae : other filifonn papilln. 797. Structure of the stomach ; Villi of 
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the small intestines : Cat, Lion. '798. The intestinal glandular system. 799. 
The solitary glands. 800. The same in the Lion. 801. Structure of the tongue 
in Dogs. 802. Filiform and circumTallate papilliB of the Dog. 808. Mucous 
membrane of the stomach : Dog. 804. S^wration of stomach from duodenum. 
805. Duodenum of a Dog. 806. Jejunum and Ileum. 807. The colon. 808. 
Certain accessory organs considered. 

LESSON Lin. — ^Thk stettctubb or the Tketh, p. 188. 

809. Introduction. 810. Ultimate structure of the human gums considered. 
811. The T^^th. — Sderogenous tissue. 812. The tissues composing human 
teeth, and those of the higher mammalia : the mode of their arrangement. 
813. The structure of Enamel. 814. Its brittleness. 815. Its prismatic struc- 
ture. 816. The method of separating the prisms described. 817. Connection 
of the prisms to each other. 818. The facets of the prisms. 819. The same 
demonstrated : their number. 820. The prisms separated. 821. Method by 
which the dentinal tubuli (ivory) are connected to the enamel 822. The junc- 
tion of dentine with crusta petrosa. 

LESSON LTV. — ^Thi EnmnOTUBS of thi Tbxth, cosriNirED, .... p. 192. 

823. Probable formation of the prisms of enamel. 824. Appearance of the 
dentine ; it forms a case in which the pulp is enclosed : aperture for the trans- 
mission of vessels and nerves. 826. Description of dentine. 826. Direction 
of the tubuli. 827. Illustration described. 828. The Crusta Petrosa described. 
829. Its bone cells. 880.i The canalieuli. 881. Ossification of the pulp cavity. 
882. Examination of the tubular character of the dentinal canals. 888. A fiur- 
ther description of them. 

LESSON LY. — ^Thx BTBxrcruBE of the Teeth, oontinued, .... p. 194. 

884. Structure of the teeth in Dogs: molar tooth described. 835. The 
molar of a Cat. 886. Canine tooth of a Horse. 837. Tusk of a Hog : longi- 
tudinal section. 888. Transverse section of it. 839. Teeth of the Herbivorous 
quadruped. 840. Peculiar arrangement of their tissues : necessity for it. 841. 
This arrangement may be seen in the crown of a molar tooth. 842. Action of 
flint upon teeth. 848. The systems of enamel in the upper and under jaw. 
844. Arrangement in the upper jaw demonstrated. 846. The tissues shown on 
the same plane in a Sheep's molar tooth. 

LESSON LYI.— The stbvotvbe op the Teeth, continued, . . . . p. 198. 

846. Structure of the teeth in the Bodentia. 847. Effect of a broken tooth 
of a Rat, or a Rabbit. 848. They are broken artificially for Museum purposes. 
849. Structure seen in a longitudinal section of a Rabbit's incisor. 860. The 
same in transverse section. 851. Structure of the molar teeth in the Rabbit. 
862. Demonstration of it 868. Molar of the Musk-rat : demonstration. 

LESSON LYn. — ^The btbuctube of the Teeth, concluded, .... p. 200. 
854. The degradation of teeth : loss of tissue. 856. Structure of the teeth in 
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iSsp^t^M.— 866. Vaso-dentine in the PristU andJfyliobaiU. 857. Peculiarity and 
demonstration of the Friatifl. 868. The vaao-dentine best seen in longitudinal 
section. 869. Ramified tubuli shown in transverse section. 860. Osteo-dentine 
shown in the fossil tooth of a Shark. 861. The canals described: osteo^ntine 
in the tooth of the Muscalonge. 

LESSON LVm.— Tmt Salitart Glahbs, p. 208. 

862. Saliyary glands in the human subject enumerated. 868. The parotid. 
864. The submaxillary glands. 866. The sublingual glands. 866. Their struc- 
ture. 867. Structure of the lobules. 868. The ducts : the general application 
of description. 869. These glands found in Reptiles, but diyided. 870. Func- 
tion of these glands. 871. Nature of their secretion. 872. Analogical infer- 
ence in regard to their secretion respectiTcly. 873. Necessity of masticating 
the food. 874. The three properties of saliva. 876. The eflTect of saliva on 
grass in a Cow's stomach. 876. These eflbcts demonstrated by experiment. 
877. Experiment made on a Caterpillar. 878. Can the stomach destroy the 
living principle in organic matter ? 879. This property belongs exclusively to the 
saliva. 

LESSON LDC — Thk Salitart Glands, ooncludeo, p. 206. 

880. Pain of a Mosquito bite. 881. What produces it? 882. Why is the 
bite of a Rattlesnake poisonous ? 888. If a Kan be bitten by a Dog, &c., why 
should he have hydrophobia? 884. These questions answered. 886. Saliva 
harmless or fatal according to the method of its exhibition. 886. If a Mosquito 
were larger, probable effects of its bite. 887. Fain inflicted by other Insects : 
how caused. 888. Division of the salivary glands in the Reptiles significant. 
889. Glands in the Boa Constrictor. 890. How he insalivates his food. 891. 
Bite of a mad Dog not always fatal : bite of a sound Dog may be fatal. 892. 
Distinct property in the glands respectively. 898. The phenomena of the dog's 
accounted for. 894. This opinion supported. 896. The aid of Chemistry in- 
voked : the teachings of comparative Anatomy important. 896. The third func- 
tion of salivary glands explained. 897. Life destroying character of these glands 
in Insects. 898. Why should Insects possess three pairs of these glands ? 899. . 
Salivary glands in Nepa. 900. Difficulties of the question. 901. These glands 
misnamed by butchers. 902. The true sweetbread. 



LESSON IX— Tbi PaopiRTixs or thx Gastrio Juxci ako Mucus, p. 208. 

908. The saliva moistens dry food. 904. Gastric Juice and mucus neces- 
sary to healthy digestion. 906. Water dilutes the gastric Juice and impairs its 
function. 906. Its effect upon the capillary circulation. 907. Water contain- 
ing much lime is unfit to drink. 908. Such water should be boiled : the reason 
why. 909. Where the mucus tubes may be found. 910. The capillaries in 
connection with them. 911. Gastric glands: where found: their function. 
912. These glands less definite in Man than in other animals. 918. GUmds from 
the pylorus of a Dog. 914. The like firom a fetal Calfl 
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LKSSON LXI.--NirrEiTioir in Han, p. 210. 

"dlS. The order in which the digestive organs are used, and the funotion that 
each performs. 916. The action of the teeth. 917. Process of insaliyation. 
918. Action of the tongne. 919. Stmcture of the human tongue : function of 
the tongue in animals. 920. The ceeophagus. 921. Action of its muscles. 
922. Form of the stomach. 928. Its muscular coats. 924. The cardiac and 
pyloric orifices explained. 925. Chemical influences and muscular action on the 
food. 926. Ilie action of heat upon the food. 92*7. Action of the pjloric valve. 

LESSON LXn. — ^NuTRinoH in Man, continukd, p. 218. 

928. Formation of chyle: organs necessary. 929. Characteristics of the 
chyle. 980. Where the chyle goes to, and for what purpose. 981. Peculiarity 
of the villous coat of the human stomach. 982. The Duodenum : Brunner^s 
glands. 988. Position and description of these glands. 984. Yilli of the Duo- 
denum. 985. Mucus crypts, or follicles of Leiberkuhn. 986. The Jejunum: 
mucus crypts described. 987. Villi of the small intestine contain lacteals. 

LESSON LXIIL— NuTRinoH in Man, continvkd, p^ 215. 

988. Precise relation of human lacteals to the villi unknown. 939. They ei- 
ceed the capillaries in dze. 940. How does the chyle get into the lacteals? 
941. Some original observations on this subject recorded. 942. The human 
ileum : its glands. 948. These glands described. 944. Description continued. 
945. Contents of these glands. 946. Their liability to disease: typhoid Peyerian 
glands. 947. Mucous membrane of human large intestiiia 948. Solitary glands. 
949. General form of the nutrimental organs. 

LESSON LXrV. — ^NtiTBiTioN in Man, coNTiKxrKD, p. 218. 

950. Resume : Animalcules. 951. The Rotifera. 952. The Entozoa. 958. 
The PolypL 954. The Acalepha. 955. The Echinodermata. 956. The higher 
orders of Echinoderms. 957. The Annellides. 958. The Epizoa. 959. The 
CSrripeds. 960. The Crustacea. 961. The Insects. 962. Their accessory or* 
gans. 968. The Arachnida. 964. The Mollusca generally. 965. TheTunicata. 
966. The Cephalopods. 967. The Fishes. 968. The Reptiles. 969. The Birds. 
970. The Mammalia. 

LESSON LXV.— NuTBinoN in Man, concludkd, p. 220 

971. The human intestinal tract a wonderful piece of mechanism : rules for 
a healthy stomach. 972. Imprudence in eating and drinking. 978. The mus- 
cular coat of the stomach and all the digestive organs require repose. 974. The 
most nutritious meats indicated and proved by experiments on the stomach of 
Martin. 975. A form of bread that is injurious, especially to children. 976. 
What takes place if alum be used. 977. The use of saleratus condemned. 
978. Hot biscuits objectionable. 979. Desirability of good home-made bread. 
980. Unripe fruits should be avoided. 981. The husks of green com pernicious. 
982. Conclusion. 
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LESSON LXyi.~ON Muscular Fibre, p. 223. 

988. What is its condition in the lower animals: in HoUnsca. 084. The 
kinds of fibre in Insects and Crustacea. 986. To what organic structures the 
striped and non-striped fibre belongs. 986. Fossil muscular fibre, from the Bel- 
enmite. 987. The subject continued. 988. The integument also fossiL 989. 
The striped fibre prevalent in the Articulata. 990. Its structure in Insects. 
991. Demonstration in Blatta Americana. 992. The like in lulus. 998. Muscle 
in the higher animals seen by unassisted Tision. 994. Analyzed by dissection 
what appears. 995. Structure of an ultimate fibre. 

LESSON LXYIL — ^Musoular Fibre, continued, p. 225. 

996. The fibre consists of longitudinal and transverse lines. 997. Uncertain 
in what direction a muscle will split. 998. The myolemma. 999. A distinct 
tissue : how to show it. 1000. The myolemma not perforated. 1001. Muscular 
tissue non-vascular. 1002. Tet the mbstance of muscle is extremely vascular. 
1008. The fibres of animal life abundantly supplied with nerves : their situation. , 
1004. Description of them. 1006. Ultimate structure of striped muscle. 1006. 
How to prepare it. 1007. What object-glass is necessary to show it. 1008. 
Appearance of the fibrillie. 1009. The sarcous element. 1010. A twelfth ob- 
ject-glass desirable. 1011. Built up of cells a double line should be seen. 1012. 
The sarcolemma. 1018. Besum6. 

LESSON LJLVlll. — GoKPOUND Tubular Tissues. Muscular Fibre, 

CONCLUDED, p. 227. 

1014. Muscular fibre compared with fresh-water alg». 1016. Demonstration. 
1016. Characteristics of the algsB. 1017. The sporangia. 1018. Mode of prop- 
agation. 1919. The Callithalmia Baileii. 1020. A bud of it. 1021. Marine 
alga, from Barbadoes. 1022. Alga from Lake Michigan. 1028. Its cells de- 
scribed. 1024. Comparison with muscular fibre. 1026. The (apparently) vege- 
table origin of muscular fibre. 1026. Ultimate element of a muscle. 1027. 
Analogy with vegetable cells. 1028. Probable generative power of the sarcous 
element 1029. Muscle in thin transverse section. 1030. Muscle of organic 
life. 1081. Description. 1082. Size of these fibres. 1088. Arrangement of 
them. 1084. The fibres of the heart. 1086. The characteristics of the non- 
striped fibre. 1986. Reagents necessary to show nuclei. 1087. The true struc- 
ture of muscular fibre ^soovered by Mr. Wm. Bowman. 

LESSON LTTTX. — Compound Tubular Tissues, continued. The Ner- 
vous System, p. 282. 

1088. The correction of the dassifidation of animals, by Cuvier. 1089. 
His dissections of nervous systems. 1040. His adoption of external characters 
for the three lowest classes. 1041. The divisions of the animal kingdom accord- 
ing to this author. 1042. Animals of the first class. 1048. The molluscous ani- 
mals. 1044. The Articulata. 1046. The Badiata. 1046. Dr. Grant's system. 
1047. Dr. Grant's, compared with Cuvier's system. 1048. Reason for the new 
name proposed for the first class. 1049. The like for the second and third 
chisses. 1060. So for the fourth. 1061. Owen, as opposed to Grant. 1062. 
The Yertebrata. 1068. Owen's name for it. 1064. The like for Mollusca. 
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lOM. And ArticuUta. 1066. The Ba&te OUw. 1057* He endones llede- 
mum* 1068. Bat divides the dug. 1069. The lower animaLi exhibit the 
eflTects of a nerrous Byfltem. 1060. It is presumed to exist. 

LESSON LXX.-*NiKT0UB SrarEM, ooiniNiriD, ...,..,. p. 284. 

1061. The three first classes, well defined by Owen; the last, doubtful. 
1062. Hunter's preparation of Asterias papposa. 1068. Tiedemann's Eehino- 
dermata. 1064. His description of the Tascular system, quoted. 1066. Iden- 
tity of the yascular and nervous systems. 1066. Causes that may have led to 
error. 1067. The necessities of a nervous system. 1068. Does a nervous sys- 
tem exist without a ganglion? 1069. A ganglion described. 1070. How to 
define a nerve, or ganglion. 1071. Plants exercise their functions without a 
nervous system. 1072. Inquiries to commence with the Articulata. 

LESSSON LXXL— NxBTous Ststhi in thi Articulata. Kntozoa — 

Ahnbllida, p. 286. 

1078. Kervous system imperfectly developed in the Untozoa. 1074. Its 
condition in Stnmgylug giga$. 1076. And in the Ascaridcs. 1076. The Annxjl- 
LiDBS present a marked advance. 1077. Their organs of sense. 1078. A 
higher type of development attuned. 1079. How it commences. 1080. Ner- 
vous system in the Leech. 1081. Description continued. 1082. And con- 
cluded. 1088. Nervous system in the EarA^worm, 1084. The like in the 
NermM. 1086. Ganglia in J?i0iuw pi^omtei. 

LESSON LxXii. — NxBvouB Ststxh of Cisbipidia ahd Mtbiopoda, . p. 289. 

1086. The nervous system simple in the Cirr^edi, 1087. Its condition de^ 
scribed m Ltgpat viina, 1088. The Mtbiopoda described. 1089. The condi- 
tion of their nervous system. 1090. The brain of lulus described. 1091. De- 
scription continued. 1092. Continued. 1098. Continued. 1094. Concluded. 
1096. Nervous system in Pb^fdemui matmlaia, 1096. Continued. 1097. The 
same In Sedcpendra, 1098. Nervous system in this class, contains the leading 
divisions of the higher animals. 1099* DemonstratioQ. 1100. Sympathetio 
nerves. 

LESSON LSKIIL— NiBTOVB Stbtek m Cbubtaoba, pi 242. 

1101. The nervous system possesses great scope of development in this 
class. 1102. General description of the brain. 1108. The Ganglia of the Ce- 
phalo-thorax. 1104. Nervous system of the Sand-hopper, 1106. Description 
of it. 1106. Nervous system of the Cpmitkoa, 1107. Nervous system in the 
Lobster and Cray-fish. 1108. Nervous system most concentrated in the Crabs. 
Description. 1109. Description concluded, 

LESSON IXnV.— Nbbtovb Stbtbm n Inbbcts, p. 244. 

1110. The nervous system In insects, 1111. Its condition in larva. 1112. 
Nervous system of Oottu$ Ugw^ptirda, Analogue of the brun and spinal chord. 
1118. Description of nervous system. 1114. Description continued. 1116. 
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Oontiniied. 1116. Ck^ndoded. 1117. The motor nemrm fini deteribed by 
Lyonnet. 1118. Idamlim poigpkmma defloribed ; its Agreement with inaecte. 

LESSON LXXy. — ^NiBTOUB Stbtim or Ihbkoib, comtivuxd, .... p. 247. 

1119. Segmented condition of the lower Artiealata. 1120. AnftljBiB of these 
segments. 1121. Position of the ganglia relatively to the segments. 1122. The 
brain of a Caterpillar described. 1128. The recurrent (sympathetic) nerre. 
1124. Method of connecting the divided bnun. 1126. Neceasity for the peca- 
liar position of each portion of the brain. 1126. Character of the nerves aris- 
ing from the inferior portion of the brain. 1127. First thoracic gan^^on. 
1128. Second and third thoracic ganglions. 1129. The position of the ariarim, 
misnamed rttpiratory nenm, described. 1180. The candal ganglia. 1181. 
Other reference to the brain of this caterpillar. 1182. Condition of the ganglia 
in the larval state of insects. 1188. llieir condition in the perfisct insect. 
1184. Description of the nervous system in Blatta Americana. 

LESSOK LXXVl.— Nkrtoub Stbtbm ih Araohkida, p. 251. 

118(f. The class described — ^its position. 1186. In these animals the ner- 
vous system is concentrated; the heart and respiratory organs better de- 
veloped. 1187. No metamorphosis. 1188. The cephalo-thorax. 1189. Num- 
ber of their legs. 1140. Number of legs in Crustacea. 1141. Majority air 
breathing. 1142. The Mites. 1148. The Demodex foUlculorum. 1144. The 
itch, and the mange— what causes them. 1146. The AoaruM tcabioL *1146. 
Nature of the itch— who are aifected by it. 1147. Nervous system in the 
Mites, not known ; the nervous system in Scorpions. 1148. Description of it. 
1149. The same in Spiders. 

LESSON LXXVn.— Nkbtous Ststik or the Molluboa, p. 268. 

1160. Differs from the Articulata. 1161. Nervous system unsymmetricaL 
1162. Its condition in Articulata. 1168. The like in Mollusca. 1164. Its ad- 
vance of development in Insects. 1166. Comparison with Mollusca, 1156. 
Why so called. 1157. Bfany of them headless. 1168. Tbs Tunioata— its 
nervous system. 1169. The Salpaei 1160. General description. 1161. Salpa 
pdycratica. Its nervous system. 1162. Is the Salpa a perfect animal f 

LESSON LXXVUL— Nmyons Bnan vk ths Bbaoedopoda, ... p. 266. 

1168. Brachiopods: definition. 1164. Terebratula Australia described. 
1166. Its habits. 1166. The mantle. 1167. The respiratory apparatus. 1168. 
Respiration: how performed. 1169. The arms. 1170. Continued. 1171. The 
alimentary canaL 1172. The vascular system. 1178. The nervous system. 
1174. The muscles. 1175. The pedicle. 1176. Remarks. 

LESSON LXXIX. — Nibyoub Stbtim or the Lamellibbakchiata, . . p. 269. 

1177. Nature of the shell of the BracUopods. 117a The like in the Lamel- 
fibranchiata. 1179. Thefar nervous system. 1180. The branchial ganglion. 
1181. The nervous system in JfpiSu$ ^duiii described. 1182. The ganglionic 
centres. 1188. llieir mode of connection. 1184. The cephalic ganglions. 
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1185. The respirAtory gug^ong. 1186. The pellial nerres. 118'7. The poet- 
paUUlnerrefi. 1188. Remarhs. 

LBSSON LXXX. — Nbbtovs Stbrm iv the Gibtibopoda, p. 268 

1189. The word explained. 1190. Their sexea 1191. Their mnflcular sys- 
tem. 1192. Aggregation of the nervous system. 1193. The principal centres 
of the nerrous system. 1194. The nerrous system of BuUa UgnaricL 1196. In 
the Carinaria Meditemmea. 1196. Greatest accumulation of cerebral nervous 
matter in Buecmum and Harpa. 1197. Nervous system of Harpa elongata. 
1198. Bemarks. 

LESSON LXXXT. — ^Nbbtoub Stbtem ur Ptbbopoda and Cepealofoda, p. 266. 

1199. Origin of the name. 1200. General particulars of the class. 1201. 
Their nervous system. 1202. Nervous system of Ciio horealiit. 1208. The Ci- 
PHAL0P0D8 the nearest to the Yertebrata. 1204. The nervous system of Nauti- 
lus pompilius. 

LESSON LXXXn.— Nbbtoub Ststbm ih thb Fishbs, p. 268. 

1206. Preliminary remarks. 1206. The nervous system in the long worm- 
like fishes. 1207. Analogous to the highest Yertebrata. 1208. The brain does 
not fill the cavity of the cranium. 1209. The spinal chord nearly equal in its 
development. 1210. Its condition in Rays and Ilying-fishes. 

LESSON TiXxxill. — ^Nbbvous Ststem in Fishes, concluded, ... p. 270. 

1211. Ganglionio enlargements of the spinal chord in the Trtfa eueuUui. 
1212. Demonstration of theuL 1218. The posterior extremity of the spinal 
chord sometimes enlarged* 1214. Three pairs of rounded lobes in the brain of 
the Conger EeL 1216. Description of them. 1216. The optic lobes. 1217. 
The cerebral hemispheres. 1218. The olfiiustory tubercles. 1219. Size of the 
optic lobes in Trigla Iffpo, 1220. Development of the optic lobes. 1221. The 
medullary walls. 1222. Comparison of the optic lobes of Fishes with human 
optic lobes. 

LESSON LXXXIV.— Nbbtoub Ststbx nr Rbftiles, ....'.. p. 27L 

1228. Preliminary observations. 1224. Continued: concluded. 1226. Ner- 
vous system of the Tadpole: description continued. 1226. Description con- 
cluded. 1227. Development of nervous system in the higher amphibia com* 
pared with the human embryo. 1228. Nervous system of adult Prog, and its 
developing condition. 1229. The Reptile brain, and the brain of ilshes, con- 
trasted. 

LESSON LXXXY.— Nebvovs Stbtem in the Bibdb, p. 278. 

1280. Condition of the brain in the olasa. 1281. The Cerebellum. 1282. 
The optic ganglia. 1288. The Cerebral hemispheres. 1284. The connection 
of Birds and Reptiles in the Old World. 1286. The brain of the Chick, after 
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two days of incubation. 1286. The brain of the adult Stork described. 1287. 
Description continued. 1288. Concluded. 1289. The brain of the Buzzard. 
1240. Concluding remarks. 

LESSON LXXXYI.— NuTOUB Ststhi in ¥4¥¥at.ta jjkd ILur, ... p. 278. 

1241. Condition of the nervous system in the lowest animals. 1242. Its 
progressive development. 1248. Its condition in the lowest articulata. 1244. 
Nervous system in the Leech. 1246. The brain increases in size, proportion- 
ably with the increase of organs of special sense. 1246. The nervous system in 
the bivalve-mollusca considered. 1247. Their brain examined. 1248. Higher 
condition of the brain in the Testaceous mollusca. 1249. Transition to the 
Fishes. 1250. The higher Ushes and the amphibious Reptiles considered. 
1251. Ascent to the Mammalia. 1252. The function of eonummnt. 1258. 
Analysis of the brain in the lower animals. 1254. Development of the Cerebro- 
spinal axis of man. 1255. Continued. 1256. Subject continued. 1257. De- 
monstrated. 1258. The demonstration continued. 1259. And concluded: 
conmientary. 

LESSON LXXXVIL— NiBvous Stbrm or Mamkalia ahd Hah, 

OORTIlfUED, p. 281. 

1260. Comparative dze of the human spinal chord. 1261. The medulla 
oblongata. 1262. The microscopical characteristics of nerve. 1268. The struc- 
ture of a nerve. 1264. The "nerve fibres.** 1265. Their composition. 1266. 
The white substance. 1267. It easily dissolves. 1268. The axis-cylinder. 
1269. Demonstration of it and the white substance. 1270. Axis-cylinder con- 
taining white substance. 1271. Tubes of the median nerve (human) demon- 
strated. 1272. The sympathetic nerve described. 1278. And demonstrated. 
1274. The structure of ganglions. 1275. Ganglion corpuscles not confined to 
ganglia. 1276. Structure of nervous matter in the animal kingdom, 1877. 
Ganglion of the Cockroach. 

LESSON LXXXVnL— NiKvouB Stbtsm in ICammaua and Man, 

CONCLVDKD, p. 285. 

1278. Vaaenhntjf of nervet. 1279. Nerves accompany arteries and veins. 
1280. Character of the blood-vessels of nerves. 1281. Demonstration of them. 
1282. Nerve from human pericardium. 1288. Blood-vessels of ganglions de- 
monstrated. 1284. Their peculiarity. 1285. Concluding remarks. 

LESSON Lx\xix.— Oboans or Spbcial Sknsi— Thi Etk, .... p. 887. 

1286. Introduction. 1287. The eye an optical instrument : demonstration. 
1288. Requirements of a visual organ. 1289. Proof of the statement offered. 
1290. Animals destitute of vision, who seek or shun the light. 1291. The 
effect of light upon plants. 1292. Red spots in animals described as eyes. 
1298. Their real nature. 1294. Fallacy of this doctrine. 1895. It is doubtfiil if 
the Radiata possess eyes. 1296. But they exist in Artioidatsr-ln Epiioa gen- 
erally : in CMpeds not at all. 
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LBBSON XC— <Ths stb hi nn AmntULTA, Cbustacba, Htujlpom, 

▲HDbincTB, p. 289. 

1297. Eyes always found in the Annellata. 1298. The number of them ui 
the medicinal Leech« 1299. In the higher forms of worms reduced to two. 
1800. In the higher foima of Gbubtaoia the eyes are pedunouUted. 1801. Plan 
of their construction. 1802. The eyes of the Mtbiapods described. 1808. The 
eyes of Imsbcts. 1804. The compound eye. 1806. Eyes for short vision. 
1806. Eyes adapted for longer vision. 1807. Bees have Telescopic vision* 
1808. Description of it. 1809. Disagreement of authors in regard to the struc- 
ture of the eye in Insects. 1810. Structure according to Straus-Durckheim« 
1311. The opinions of Marcel de Serres. 1812. MiiUer's opinions. 1818. He 
discovered a crystalline lens. 1814. The conical lenses according to Straus and 
Muller. 1816. Demonstration of these views. 

LESSON XCL — ^Thi btx ih Inskcts, cortiiiukd, p. 291^ 

1816. The subject not exhausted by Muller. 1817. Another account. 1818. 
The conical bodies. 1819. Their color. 1820. They are supposed to represent 
the vitreous humor. 1821. Their figure. 1822. Disposition of the optic fila- 
ments. 1828. The filaments possess an axis-cylinder. 1824. The cones in a 
Caterpillar. 1826. The method of connecting the eyes with the brain demon* 
strated. 1826. The inferior portion of the braiD in Blatta Americana. 1827. 
The fatty layer in Musca camaria. 1828. The action of this form of eye. 1829. 
Necessity for this form of visual organ. 1380. Enumeration of the facetted 
eye. 1881. The hairs, or eye-lashes. 1882. Bees possess them: for why. 
1888. The Telescopic eye. 1884. Its structure described. 

LESSON XGII. — Thx itk in Ihoots, ooncludkd, p. 296. 

1886. The connection of the optic nerves of the single eyes demonstrated. 
1836. Structure of the transparent cornea. 1887. Method of connection with 
the lenses. 1888. Probability of an aqueous humor. 1889. Mechanical figure 
of the facetted eye : the reason for it. 1840. The variation in shape of them. 
1841. Demonstration. 1842. Structure of the cornea in Jhiomu UrngmoHMt, 
1848. The membrane lining the cornea. 1844. Description of it. 1846. The 
cornea after removing the membrane. 1846. Description of it. 1847. The 
prismatic, or lenticular bodies. 1848. There are double-convex lenses in addi- 
tion. 1849. The great substance of the cornea. 1860. Straus and Miiller agree 
in the depth of the cornea, 1861. Wherein they diflbr. 1862. Besum4. 1868. 
Concluding demonstration* 

LESSON XCm — Thx vrm nr ARiomrmA, MoLLuacA, ahd Fuans, . . p. 299. 

1864. The largest eyes in this class are met with in the Scorpions. 1866. Their 
structure described. 1866. No visual organs in the slow-^noving MoUusca. 
1867. The eyes in the Gasteropods. 1868. They are placed on tuberdes. 1869. 
Demonstration of Oupna tigrit, 1860. The Uke in Carinaria Mediterranea. 
1861. The eyes of Mollusca approximate Fishes. 1862. The number of eyes in 
theVertebrata. 1868. The eyes of fishes. 1864. Theur orystaUine lens. 1866. 
TheFisfaeshiwhichthe visual organs are of least sise. « 
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LESSON XOIY.— Orgjjri or tibioh or thx moHnt AirxxALa, ... p. 801. 

1866. The eyes in the higher animahi more complicated. 1867. Enumera- 
tion of the tiflBoes compoaing tiiem. 1868. The sderotioa. 1869. The choroid. 
1870. Its composition. 1871. Thetapetum. 1872. The iris. 1878. ThecUiaiy 
processes. 1874^ The retina. 1875. The lonida eiliaris. 1876. The humors 
of the eye. 1877. The anterior chamber. 1878. The posterior chamber. 
1879. The crystalline humor. 1880. The vitreous humor. 1881. The solerotio 
coat. 1882. The transparent cornea. 1888. Summary. 

LESSON XGY. — Thi itib in Reptiles, Birds, akd Mammalia^ . . p. 804. 

1884. Introduction. 1885. The sderotio in Crocodiles, Tortoises, and Tur- 
tles. 1886. The eye of Emys Europoea described. 1887. The choroid of the 
Snapping Turtle. 1888. The posterior portion of it. 1889. Description of its 
Tessels. 1890. The ciliary processes. 1891. The pupU of Bikds. 1898. They 
possess a nictitating membrane. 1898. Size of the eyes in the Ruminantia and 
other mammals. 1894. Affinities of visnal organs. 1896. The eye in the Odaoaa, 
1896. The eye in <he Ruminant. 1897. Peculiarities of structure. 1898. Func- 
tion of the ciliary processes in generaL 1899. Their function in the Ruminant 

LESSON XOVI. — The etbs nr Maiocalia, oohtihttsd, and in Hah, « p. 807. 

1400. Ciliary processes in the Feline animals. 1401. In the Cat. 1402. The 
yeniB Torticosa of the Dog. 1408. The human eye. 1404. The eye-balls. 
1405. Demonstration. 1406. How the ciliary processes may be seen. 1407. 
Further demonstration. 1408. The arteria centralis retina. 1409. The forma- 
tion of the crystalline lens. 1410. The anterior capsule of the lens. 1411. 
Sometimes called " membrana pupOlaris." 1412. The posterior capsule. 1418. 
Demonstration of it. 1414. The yessels become absorbed. 1415. The tarsal 
cartilages. 1416. The Meibomian g^ds. 1417. Nature of their secretion. 
1418. Conclusion. 
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1. YoItoz globator, . . ' . 

S. Do. do., hunty • 

S. Enchelispnpa, .... 

4. Eochelis showing constriction, 

5. Enchelis farther adTuioed, 
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485. Ciliary processes, Oz, do. 806 

486. Ciliary processes. Cat, do. 807 

487. Yens TorticossB^ Dog, do. 807 

488. Longitudinal section of the Humsn Eye,* Authors, 808 

489. Ciliary processes. Human, do. 810 

440. Ciliary processes, injected and magnified, Original, 810 

441. Vessels of the arteria centralis retina, injected. Human, do. 811 

442. Anterior capsule of the lens. Human, do. 811 

448. Posterior capsule of the lens, Human, do. 811 

444. Meibomian glands, in situ, do. 812 

446. A single gland enlarged, do. 818 
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VEGETABLE PHYSIOLOGY. 



LESSON I. 

nffTBODUCnON , 



1. Phjmology, or the soienoe which teaches the fbnotions of all 
the different parts or organs of animals and plants ; or the offices 
which they perform in the economy of the judiyidual ; or, in other 
words, the Boi&nce cf life, is daily esteemed of greater importance. 

2. Physiology, as now understood, has become qoite a modem 
science, and one that owes its great adyancement and chief excel- 
lence to the Microscope alone. 

8. Without its inyalnable aid, onr notions and opinions would be 
as cmde, nnsatisfactory, and erroneous, as were those of our fore- 
fathers. Before its mighty presence eyery fragment of a tissue is 
bound to succumb ; it has no preconceiyed theory to support ; it is 
called upon to do but one thing to assist us in our researches, and 
nobly it does it I — it tdh the truth, whereby the laws of physiologi- 
cal science are rendered as certain as a problem in Mathematics. 

4. The Microscope has originated a new science— Histology — 
from two Ghreek words, which signify a '' discourse on tissues ; " now 
what is a tissue ? Webster's definition is as follows : '' in anato- 
my, texture or organisation of parts. The peculiar, intimate struc- 
ture of a part is called its tissue, A part of a fibrous structure is 
called a fibrous tissue. The organs of the body are made up of 
simpler elements, some generally diffused through the body, and 
others peculiar to particular organs. These simpler structures are 
called the tissues of the body; as, the cellular tissue, the mucous 
tissue, &C.'' 

1 



2 VSQBTABLB PHY8IOLOGT. [LBBSOIT 1. 

5. Since the invention and oonstitntion of Histiology, <u a sei- 
encSy Physiology has made enormous strides. 

6. A knowledge of the intimate structure of ther tissues, as well 
of vegetables as of animals, has been of the greatest value to the 
physiologist Had the important theory of development by cells 
not been discovered by Schawn and Schleiden in plants, the like 
processes had remained unknown as the true principle of develop- 
ment of the inferior animals, of the development of the Ovum in 
the higher mammalia, and as the plan by which the human fBunily is 
continued. 

7. * There can be no accurate knowledge of Physiology, save that 
which is based upon an intimate acquaintance with the ultimate mi- 
croscopical structure of aZZ tissues; this cannot be learned from 
books, at the present time, simply because no sufficiently illustrated 
and voluminous work on this subject has yet been published ; under 
the best circxmistances, it appears to be most desirable to learn by the 
actual examination of the structures themselves. 

8. It is quite true that it requires a lifetime to acquire the skill 
to prepare such illustrations, but the devotion necessary to become 
accomplished as a physiologbt, is certainly not greater than the re- 
quirements of Chemistry, Botany, or any other scienoe, or greater 
than is necessary to qualify a man for the legal or other learned pro- 
fessions. 

9. The simple cellular plants offer illustrations of the lowest or- 
ganized forms we are acquainted witL In them we find that a stn- 
gle cell constitutes the entire plant. 

10. This cell is produced from its germ, assimilates nutriment, 
converts a portion of it into the substance of its own cell-wall, se- 
cretes a nucleus within its cavity, and ultimately produces a repro- 
ductive germ, that is to continue the race. 

11. When its own term of life is completed, it bursts, and Hber- 
ates the reproductive germs contained in its interior, and sets them 
free, each being capable of going through the like series of opera- 
tions ; or the cell wall is absorbed, thus freeing the germ. 

12. These &cts are illustrated by the accompanying figures of 
Vdvox globaioTy described by Professor Ehrenberg, as an aninud, 
but which has long been known as a simple fresh water alga. A 
perfect figure of this beautiful organism is shown at Fig. 1. 

13. The Yolvoces are only to be found in stagnant pools of clear, 
pellucid water ; placed under the field of a Microscope, they present 
a very charming sight. In form a perfect sphere, the membrane con* 
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Btituting the crater vail, or integoinent, u tr&Dsparent u glass, its 
surface ooTered with minnte green dote (b), with seTeral spheres of 
variable siH, and much darker green contained within it (a), con- 
tribnte to form an olyeot of unequalled ^^ 

beautfl 

14. Neither is this all ; those per- 
sons who see it for the first time, will 
be sorprised to find that it (a plant) is 
locomaHvg. ' 

16. It will constantly be seen roll- 
ing to and fro, with a remarkably 
steady, equable motion ; no obstacle 
retards it — notJiing aooelerates its 
speed : frequently it occurs that two of 
them are Been approaching each other ^^^^ ^^^^_ 

in opposite direotions ; oollision appears 

to be imminent, but just at the instaut (^ anticipated conflict, one 
turns off to the right, and the other to the left, and each pursues 
its way. 

16. The looomotiTO organs are not easily seen, eren by the Mi- 
croacc^ie — two essentials are uecesBary ; firstly, an excellent fourth 
achromatic object glass,* and, secondly, carefol and jndioions man- 
agement of the li^t. These conditions being established, a number 

* CerlalD apmriou iBva baan nHd in lU* work vbleh raquln (IpluutJon; thus, In 
qwikJDgul tha nu;rnlljliig power smploTfd, "* rr>Drth,''«"u eighth" ayeat gkia Is men- 

"""-^ ^ U.<U:i 

1 otf«ot glM^ If of Fmsh oouMotloD, unditg of l\rtt ptajta-eoima 

^ &i^o irt^rn pain (ili) uf lenaei. Tlie tool lengUi of ncti <Kimbliutloiu, 
Aon, nuf xet ba of TwUblB length, irhUa tha mignlfj^ power me; be the lune, 
tfaeiefiraiiKuJ Unifl^ fcRm no tndleatliHi of nugnUftng powar. 

For the perfeat demsDatnllon of the litter. It 1> nsul to ose tha uhnnuitlii oomblnitlon 
at a tInfU Ima, end t«t 1U niHt apiblUUei bf oemperlson with a linalt pIono-ooiiMB 
tgatj and then to mine tha fiwniar bf the JboU length of the single leu, with whleh It 

An "Inch " nehninuiEle msuu that tba glaaa !• eqiilTelent to a pluu>4onTai lena vpUA ott 
imJt Jboua— in other word!, that It nugnlUa eiactl7 (en dlanuttn; ■"(bnrtli,'' or en 
** eighth," mean that thej are aqoal to pUno-oonTei lanaaa, of ono^fborth or one-eighth of an 
Inch fbcna, or 40 or 30 dlametoTL 

Id the Componod Ulorotcope, there an two iddltloiial modM of obtaining u enlarged 
Image, bafODd tba nie of the objeet gliaa ; theaa are, the length of (he tube ef the ooiii|mind 
bodj. and the eye-pfeoB. The If^tlmale waj to obtain power ta by the object glaia, at, 
although the otber two plane ma; graatl; enlaige (he Image, the; are poverleai to ihow 
atnioturei that the obJaoC gbai Ula to daTelop. 

The great number ol dlametan pompoiulj olalme. oj >ome nthan, depends entlrelf 
npoD amtHg&qfttii»imddiplkiiftfi-ptiet--botiiBt them objectionable (frsqnentl; blla- 
don>) Dwdn of obtaining magnUflBg power. Tb* beat and IkliMt waf I* to atata tbe Tllaa 
ef tba oltJeat ^aai emplof ad. 



Am Ajltfvi 
Imtn : ffi Gtfi 
alirajB flhort, ma; 
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of delioBte, hairlike prooessM, in ooiutaat Tibndon, Till be seen 
offoimt the light, sarronnding tiio outer mu^n of the globe (c) ; 
ODoa fllewly seen, they will readily be diaoovered, arising from th« 
tainuU dots wMoh cover tiie external Bnr&oe [b). By their inoessant 
vibratile aotioii, the rolling motion results, for whicJi theee planta aie 
remarkabla 

17. These organs are oaUed eiUa, from the Latin irord eiiium, an 
Oje-lMh, which they are sapposed most nearly to resemble ; and, from 
their action, vibr<aU§ eUia. Those plants are large enoogh to be 
peen, vhea held agumt the light, bygood, n 



LESSON II. 



18. Not only are the perfect ferma^ or parent plants, seen in 
inoeaaant motion, bnt the large green minrm (a), so conspionons 
in the interior, are also in oonstant rotation, tmtil, «h«i they have 
beoome matnre, they deaiie to effect &eir Uberation and oommenoo 
an independent existence ; at this period they will be seen to hare 
P^ ^ nomerons small, immatnre germs in 

their interior, also in motion. 

19. The mode by which they es- 
cape is by the mptnro of the parent 
odl (Fig. 2) ; here a decided broak in 
the oell-wall is seen, and one of the 
germs, oovered with vibratile ciUa, has 
jost effected its libetatiun, to be speed- 
ily followed by the remainder. 

20. The higher forms of Tegetable 
life are enly distingaishable from t&e 
lower fonns by the muliiplieation of 

VdTox ^oiirtw.tairt. svTwiar cells, so ^t by the concur- 

rent labors of all, a more complete and lasting effect may be pro- 
duced. 

21. The analyds of even the mighty monarch of the forest, shows 
that all the soft and growing parts are composed of similar cells; their 
function is to absorb and prepare the nutriment, which is afterwards 
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to be applied to the eztennon of the solid internal skeleton of the 
trunk and branohee. 

22. At the extremities of the roots of all the more perfect plantSi 
we find a set of soft cells, making up those sacoolent bodies which 
are known as the ipongioles; these are speciallj destined to peifbrm 
the absorption of nutritions fluid. 

23. This fluid, being conveyed by the vessels of the stem and 
branches to the leaves, is here subjected to the action of the cells 
which make up the parendiyma (pulp) of these organs. 

24. The crude, watery, ascending sap, is thus converted, by a va* 
riety of chemical and vital operations, into the thick, glutinoys 
laiex; which, like the blood of animals, contains the materiab for 
the ]Hrodnotion of new tissue, and also the elements of the various 
seeretions. 

25. This process of conversion includes the soBhaiation of super- 
fluous liquid, and also that interchange of gaseous ingredients between 
the sap and the air, which may be termed aeration; but it involves^ 
besides these obvious chemical alterations, a new arrangement of the 
particles of the sap, by which a variety of new |Hroduots are generate 
^some of them possessing a tendency to pass into the form of solid 
organiaed tissue, by a process of coagulation, when withdrawn from 
the living vessels. To this peculiar convertiDg process, which is suck 
an important step towards the production of perfect living tissue from 
the crude aliments, the term Assimiiation is applied. 

26. AssnoLATiON, therefore, is the peculiar process by which for- 
eign substance is converted into the likeness of the individual Thus 
the feed osstmibM by a plant, becomes ideniicai wiih %t$df; and 
on the same principle, Man, in common with oflier animals, assimi- 
laUs or conioertM his and their food. As the elaborated sap descends 
in its proper vesseb through the stem, it yields up to the growing 
parts the nutrient materials tibey respectively require. These grow- 
ing parts may be the ordinary tissues, of which the chief part of the 
fitbric is composed, and which are destined to a comparative perma* 
nency of duration ; and in the growth and extension of these, the 
process of Nutrition is commonly regarded as consisting. 

27. By NtrmiTiON is meant the food whidi promotes the growth 
of plants, and promotes the growth and repairs the waste in animalsi 
On the other hand, certain groups of cells have for their office the 
separation of peculiar products from the s^p, such as oil (fixed or 
essential), starch, resin, &c, which they store up against the time 
when they may be demanded : these ceDs are said to perform the act 
of Secretion. 
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^8. SiCBmoir, in plants, consists in tlie process of separating 
firom the sap materials differing from itsdf. This fanction is dele- 
gated to cellsy in the Vegetable Kingdom, but the allied fanction in 
the Animal Kingdom is performed by glonds. In them resides the 
power of secerning or secreting from the blood, sabstanoes entirely 
different firom it, or any of its oonstitaents, as hUe^ saliva^ mu- 
cus^ &o. 

29. It is yery important to remark in regard to all the cells thus 
actively concerned in the Yegetatiye functions in plants, by which 
the development and extension of the permanent &bric b provided 
for, that they have bnt a very transitory life as individuals. 

80. The Absorbent cells at the extremities of the rootlets are 
continually bdng renewed ; some of the old ones dying and decaying 
away, whilst others are converted into the solid texture of the root, 
and thus contribute to its progressive elongation. 

31. In the process of Absorption, another broad distinction 
occurs between Plants and Animals. In the former kingdom, this, 
like all other vegetative fdnctions, is performed by cells ; but in the 
Animal Kingdom the imbiMtion, or aisorpUon, is performed by 
special vessels, as the lacteals {lacta^ milk,) and lymphatics. 

32. Of the transitory duration of the Assimilating cells, we have 
an obvious proof in the fall of the leaf; which takes place at inter- 
vals, to be followed by the production of a new set of cells, having 
similar functions. 

33. The fall of the leaf results merely firom the death and decay 
of its tissue ; as is evident from the fact, that, for some time prcr 
viously, its regular functions cease, and that, instead of appropriating 
carbon from the atmosphere, there is a liberation of carbonic acid (a 
result of their decomposition) in large amount. Thus, the process 
takes place in evergreens equally with deciduous (fidling off) plants ; 
the only difference being, that the leaves in the latter are all cast off 
and renewed together, whilst in the former they are continually being 
shed and replaced, a few at a time. 

34. The Secreting cells have usually a like transitory duration ; 
being destined to give up their contents by the rupture or liquefac- 
tion of their walls, whenever called upon to do so, by the demand 
set up in the growing parts of their neighborhood, for the peculiar 
products they have set apart. 

35. Not only are the proper organic functions of all Plants thus 
dependent upon the agency of cells, but their Beproduction is so 
likewise. 
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LESSON III. 

INTBODTJOTION GONOLUDED. 

86. BeprodugtioNj to renew that which haa been destroyed. 
Trees are reprodtused by new shoots from the roots, or from cuttings 
or slips. Some animak, as the Lobster, Crab, &o., possess the power 
of reproducing^ or generating lost parts. In the lowest tribes of the 
Cryptogamia, where each cell is an independent individual, every 
one has the power of preparing within itself the reproductive germs, 
from which new generations may arise. 

37. The 6bbm is the origin, or first principle ; that from which 
any thing springs. In botany it is the ovary or seed-bud of a plant, 
the rudiment of fruit yet in embryo. In the higher plants we find a 
complex apparatus superadded for the purpose of aiding the early 
development of these germs, by supplying them with nutriment pre- 
viously elaborated by the parent ; yet still this operation is of a 
purely accessory kind, and the essential part of the process remains 
the same. 

38. Now we shall find that although the fabric of Animals 
appears to be formed on a plan entirely different from that of Plants, 
and although the objects to be attained are b6 dissimilar, there is 
much greater accordance amongst their elementary parts, than might 
have been anticipated. 

39. The starting point of both is the same ; for the embryo of 
the Animal, up to a certain grade of its development, consists, like 
that of a Plant, of nothing else than an aggregation of cells. 

40. The lowest class of animals, the Microscopical Animalcula, 
or the invisible inhabitants of stagnant water, aj^ear to be identical 
with the simple cellular plants, already referred to ( Vdvox globator). 
The bodies of these creatures are singularly elastic, and remarkable 
for their transparency. The whole of this class (animalcules) are 
locomotive in a high degree^ and by the means of similar organs — 
vibratile eilia. Unlike the uniform progression of the plant, these 
creatures exhibit the most astonishing irritability. 

41. Whilst swimming along M a rapid rate of speed, pursuing 
their prey, a portion of vegetable matter or some extraneous sub- 
stance win arrest their career ; suddenly, they throw out the water 
with which their interior was distended, and instantly contract to such 
a speck as to become perfectly invisible. 
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42. ETtiiy tluiiff mnuniiuf Btill and quiet, thsy ro-£ll their 
bodies vith mter, the ribntile orguu i^ain aplfeu, motion is re- 
sumed, uid off they go. 

43. Bnring the time they remun paMtve, whitdt oAeo ooours, 
they eaa be ezuniiied with great ease ; it will then appear that their 
body oontuns a variable number of distinct globular partioleB, to 
which Ehienberg asoribes the fonetion of gastrio eavitiee or 
stomachs. 

44. According to the same antbority, many of these ereatares 
pOBsess not less than three hondrod of these oells, or stomachs. 

45. Now, the probability is, jodging especially from the analogy 
ftamisbed by the vegetable Jcingdom, that tfaeae Jipots are ooly nudet, 
or immature genu spots, waiting the period for dieir fall develop- 
ment, and the mode by whidi these oreatores propagate, i^pears to 
oonfinn this (minion. 

46. The Ench^ia pupa, a beautiful flask-ahaped animaleole, is 
one of those animals that should greatly assist our inquiries. When 
tally extended, and active, the orestara presents a row ot vibratile 
eilia (a Fig. S), surrounding the oral (mouth) aperture (fi), whilst the 
spots, or nutrimental saoa of Ehrei^rarg, are referred to at a 



If a qiedmen be followed by the stage acljustments of the mi- 
orosoope, a slight notch or constriction wUl sppear (Fig. 4, a) snr- 
rounding its body as if a fine thread were tied aroimd it. 

47. This Donstrietion will rapidly increase (ilg. 6), and by 
this t»me a series of vibratile organs will be developed at tbA 
other extremity of the body. The incessant vibration of the ffltia 
oaasee a vortex in the water, by means of whitdi particles of matter, 
as well 'smaller ammalcnles, as extraneooB snbstanoeB, are driven to 
the creature's mouth : if proper food, it is immediately swallowed ; 
hut if it consist of deleterioos matter, the mouth is instantly dosed. 
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the oilia an dtber qniet, or entirely diMppear, Knd the anisud most 
freqnentlj nuheB from tlie spot 

48. At the time th&t oiliA appear at each exbemil^ of the body 
(Fig. 6), two moutht art fornud, and the animal 

pnnaefl its prey, and reoeireB fbod at botii. But — - — '- 

■till the oottBtrio&>n oontinnea to adTanoe, until the 
body is nearly oat in twain — the two portions being 
joined by the nunttpedidt (Fig. 6) ; presently this 
beoomes absorbed, and the two bodies, thus eTolred 
by apontaneooB saiatdon, swin off in contrary direc- 
tions, never agun to meet in this world I 

4fi. Each half of the body, thus divided, is | 
equally young, and rigidly attains maturity, which Dtraiopmeatoriiw 
is no sooner aooompUshed, than the same process is B»<iMk 
repeated, and this oontinnea without intermisdon in the Enohelis (and 
allied animals), thron^out the summer and autmnnal months, until, 
at the approach of winter, other modes of continuance of the species 
are resorted la 

60. Throaghout these idianges, however, it will be Been, that a 
' fiur distribution is made of the germ cells (if suoh they be] ; one 
Iialf of the divided body may have a few more of them than the 
other, but they visibly increase in both immediately, and continue so 
to do till the time arrives for self- division. 

51. A mode of reprodnotion in the lower plants, is identical, in 
every reipeot^ to the apontaneouB division of the body in the lower 



52. A species of Oonftna, commonly called " Frog's spittle^" 
and erroneously supposed to be the ova of that animal, has been 
watched, and carefully traced through oorresponding developments. 

58. When the plant is first oolleotod, it may oonmst of a long 
chun of distinct ceils (Fig. 7), eaoh liaving a septum, or parti- 
tion, a* eiAer extremity irtiioh separates it from the cell above, 
and below (a, h) ; in ti» oentre is a mass of midochroma (internal 
green), or Mon^iylU (green of a leaif ), poeeessing a number of nu- 
cleated spots (0). 

54. In a fow days the edl would be seen to elongate eonaderably 
(Fig. 8), and the mass of endo<Jirome diffose itself confusedly, with- 
in the cell, till eventually it assomes the form of a beautifiil double 
qtiral coil (a), the nuclei being greatly decreased in siie. 

55. Preseutiy, another phase presents itself; the «B becomes 
still more elongated, and narrower (Fig. 9), the mass of endoehrome 
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Eniddenly contracts in btilk, and aeeka the centre of the oell, then it 
tpontanaousli/ divides (a, a), at the game time a delicate line ie run, 
as it were, across the call — dividing it into two — ^immediately beneath 
the divided eodochrome {b). 

56. Subsequently, the divided endoohrome seeks the centre of 
each cell, the spiral eoil ia broken up, and the entire mass aasumes 



^giMm*<Fn)g'iqitUl«}lDtba Dvrtlopiiwiit ot ZmmM, Spostuwoiu divMuii(tlilM 



the solid cylindrical form which characteriied the first figure of this 
series ; the ocUb become well formed, and grow correspondingly with 
the increased nse of the endochrome, and especially of ite nuclei — 
the whole cell, in &ot, is preparing to go through the like series of 
oonsoontive changes, in which it originated. 

57. Agam, as r^ards the vegetative type of the ori^nal con- 
stitution of animal taseues, we find among the lowest tribes of 
animals, as well as among oertAin of the highest tribes that retain 
many embryonic peculiarities, even in the adnlt condition, a great 
proportion of the complete fabric to be poasessed of a distinct vege- 
tative origin. In most of the higher animals, however, a large pro- 
portion of the Btruotnre consists of tissues in which no distinct trace 
of a cellular origin appears to be apparent ; and it has been only 
^noe improved methods of observatiou have been brought to bear 
upon their analysis, and more especially since they have been exam- 
ined not only in their complete state, but in the course of their de- 
velopment, that they have been reduced to the same category with 
the tissoea of plants, and of the bwer animals. 
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58. Other tissnes, which are peculiar to animalB, cannot be re- 
ferred to the same origin ; but these will be foand to have a grade 

^ of organization even lower than that of simple isolated cells, and to 
be referrible to the solidification of the plastic or organizable fluid 
prepared by the assimilating cells, and set free by their rapture. 

59. We shall find, however, that (as in plants) all the tissues 
knost actively concerned in the vital operations, retain their original 
cellokr form ; and it will be easy to refer to distinct groups of cells 
in the bodies of animab, not merely for the performance of the func- 
tions of Absorption, Assimilation, Respiration, Secretion, and Re- 
production, which are common to them witii plants, but also those of 
Muscular contraction, and Nervous action, which they alone per- 
jform. 
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LESSON IV. 

ON THE STBUOTUEE OP VEGETABLE TISSUES. 

60. All the tissues of placnts are remarkable for their simplicity 
of structure, as compared with the tissues of animals. 

61. In their earliest and simplest condition, plants are found to 
consist of a series of minute vesicles, composed of a membrane called 
cdlidose. 

62. It is also known as Hmple membrane^ and possesses char- 
acteristics which distinguish it from all other tissues, that is to say ; 
it is elastic, transparent^ etsilj permeahU byfimds, and struetureless. 

63. It constitutes the basis of all vegetable tissues, and it is uni- , 
versally present. With regard to its chemical characters it appears 
to be closely allied to starch ; treated with sulphuric acid, it turns 
yellow ; when, if subjected to the action of tincture of iodine, a beau- 
tiful purple color results, indicating the iodide of starch, 

64. As the higher plants advance in growth, they are found to 
consist of two kinds of tissue-^«0Cu2ar and vascular^ and these are 
variously modified to form the demeniary organs. 

65. By their union, the elementary tissues form the compound 
organs, by which the several functions of plants are carried on. 

CELLULAR TISSUE. 

66. By the conjunction of a series of minute vesides, utricles, 
or cells, this tissue is formed. They appear to be perfectly spherical 
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Then first developed, bat t&e elastioi^ of tha membrane oompooiiig 
their oell-w&ll, readily yields to the piessore of Burrounding like 
eells, by which they wennie an egg-ah^ or Aomgaiad form (Fig. 
10); they ue often anguiar (Fig. 11), or even polyhedral (many 
ddea) (Fig. 12). 



□ 



Bli^ an tt Plii«i^il& CcDa of CaooDba; Pol^wdn) ealh. 

67. Again, the tizt of cells u fonnd to be aa rariable as their 
fignre, !n difierent plants, and in different parte of the same plant 

Dr. Hook oonnted more than a thousand in a line, an inoh long, 
in Code! 

68. Notwithstanding eaoh cell originally oonsists of a separate' 
membrane, the walla of omtigiunu cells may beoome nnited in the 
progress of growth. 

69. Wheu oells are muted at their extremitifls, it frequently bap- 
pens that the walls, which form ^ fomt cf junetion, beoome ab- 
sorbed, and thns a iuba is formed. 

70. The simplest kinds of plaata, as 8e»-weedB, are called mQu- 
laru, being entirely composed of oellnlar tissoe ; so too the puipff 
pwrts ot fruits and vegetahUa, and it is the great object of Hortuml- 

• tnre to extend, as &r as poarible, the prodnotion of this tissue. 

71. The pith of trees and idants is oellnUr ; and anah is the 
Btraotnre of cotttm and rice-p^Mr. 

72. Cells generally transmit flnids throngh the parietes of tlte 
cell-wall, to which rule some mosses and other plants ofier exoeption \ 
in them, minnte apertores, or holes, are fonnd in the eells — in a sin- 
gle cell of a Et^horinaoetyiu plant, as many as forty-five opounge 
have been oonnted. 

7S. Another form of cell is known as Uie poroua oell, in which 
the membrane has been thickened at oertain parts, leaving thin round 
spots, which, viewed by transmitted light,* appear like holee (see Fig. 

t* Han 'b^tht mkraioapt ; one ■• 
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IS), of lAioh iba tteeompanymg figure of 

the pith of Elder Kfibrds » good exunple. 

AnthoiB hftve flgared tiiis tiBsne u if oom- 

poeed of many sides (polykedrsl), but thia 

Appears to h&ve uisen from the section beii^ 

too thick; the tiHsne is a siugnUrly teanspft- 

rent one, and if three or four Ujers of oells 

be present, tiie outlines of the cell walls run 

togetlier in sooh manner as to create great 

oonfiision ; this is Aowa in Fig. ,14 ; but if the section do not in- 

olnde more than Ivo layers (Fig. 18), it will be seen that one layer 

is simply aside of the other. 

74. Bat to retnm to Cells ; we have seen diat the envelopes, or 
outer walls of these, are eompoaed of Celhjloie ; generally, they are 
found to possess contents of some kind. The Cellalose itself is 
composed of Mvgar, gum, or vgHaiiU jelly, wliioh offers another form 
of its chemistry, and while all plants are made up of similar oells, the 
chief diffarenoe amongst them consists in the different ^orm of Uia oells. 

75. It freqaently happens tliat only a nucUua is found ; this 
differs materially in siae and oolor; thus in the fruit of aripe Cherry 
(Fig. 16), we hare a series of oells widely differing in siie, each con- 



taining a large, fleshy, brownish-oolored nucleus (a), the siie of which 
approximates to the dimensions of the cell containing it. Its surfaoe 
is seen to be covered with a series of minute spots, of greater inten- 
sity of color — the nnoleoli, or smaller nuclei 

76. OAer oells are formed for the reoeption of speoal oont«itg, 
whioh, as will be hereafter seen, are extremely various. 

77. At the bead of this list, however, /acuiU, or ttarch, in rela- 
tion to human necessities, is most conspicuous; almost iwo-ihirtU 
of the human family being nourished txclunvtlj/ upon Starch. 
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78. This Ter; Tsluble product ooostitatea an important ele- 
ment of all tli« oereal (edible, as wheat, eta) gruns; it fonng the 
nutntive principle of the legaminoos plants (Pwm, ^Mini), and is 
more or leaa aotivel; diBtribnted thronghout the v^etable kingdom. 
It occuTB in every plant, and it is found in everj part \ it will only 
pay the cost of separation, however, when fonnd in the root, itih«rt, 
ae»di, fruits, and (more eaailj, as in the Sago Palm) the pith. 




OoipnMls of Potato Studi, 
Fis-lS. 



SfloHon of PoUto, ilunrliig 
Uie iMreh In ritu. 

79. The Potato (Fig. 16) is fonnd to consist of cells of variable 
else, fonned of ooUaloae, and filled with oorposoles of starch ; these, 
too, vary remarkably, some being very large, otiiers minute, and the 
remtunder of intermediate size, so that every cell may be quits fuU. 

80. Examined by the Microscope, a corpuscle of starch (Fig. 17) 
is a very interesting and beantiM object ; each corpuscle poaseases 
somewhere, but its situation ia unoertain, a circular spot called the 
hUum ; tliis is (erroneously) supposed to be its point of attachment 
to the cell-wall. Around the hilum, a number of extremely delicate, 
transparent, concentric rings are seen. 

81. The observer will, however, sometimes look for these oharao- 
teristicH in vain — not a ungle oorpnsole of the veritable tissue is 
feund to display them ! The secret is that the hilum and ooneentrio 
lines are placed only on one sidt, and the other side chances to be 
uppermost. 

82. The largest known corpuscles of starch in the vegetable 
kingdom are found in Canna eocoinsa, or Toua les moia (Fig. 18), a 
plant extensively cultivated in the South of France; the peonliar 
French name signifies " every month," and is ^ven to the plant from 
the circumstanoe of its flowering monthly ; here tlie hilum and con- 
centric lines are distinctly seeo. 
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83. There are no two forms or species of staroh precisely ciKke^ 
and the points of difference, although frequently minute, become 
characteristic; thus it will be seen* that the starch of Indian com 
(Fig. 19) differs materiallj from the forms yet presented. 

84. The starch of Wheat (Fig. 20) offers another variety ; here 
the corpuscle b nearly round, the hilum always in the centre, and 
only one ring surrounding it. 

85. We have examined the largest form of starch (Tons les mois) ; 
we will now consider the smallest, Bice, The starch of this plant 
(Fig. 21) is remarkable no leas for the great irregularity of its form 
than for its minuteness. The question has yet to be determined 
whether or not starch be more or less nutritive in proportion to its 

Fie 19. 






Corpuscles ofWhiaeX 

Starch. Corpuscles of Bioe 

Starch. 



Corpuscles of Indian Com, 
magnified. 



size ; should it eventually be settled in the affirmative, Tous les mois 
will undoubtedly take the first rank in the category, and Rice the 
last; the Potato, and the contents of the leguminosao (peas, beans), 
together with the Cereal grains, will then hold an intermediate place. 
The Tous les mois is such a valuable form of starch, that it is much 
to be regretted its cultivation has not been attempted in this country. 

Now that we have a " Model Farm " in our midst, it is to be 
hoped the attempt to raise it will be speedily made, and the results 
made known, for the good of the community. There appears to be 
no sufficient reason why the experiment should not be eminently suc- 
cessful 

86. Starch is laid up by the plants forming it, as a store of nour- 
ishment upon which they can draw for their subsistence in a season 
of need ; hence, the quantity yielded differs in the same plant at dif- 
ferent periods of its growth. Thus, starch abounds in the potato 
towards the latter part of the season, but it decreases in Spring, be- 
cause of the germination of the tubers, which at such a time re- 
quire to appropriate it 
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LESSON V. 

THE SUBJXOT OF BTABOB CONCLUDED.— QUHS AND BtTQARB. 

87. It was found by experiment that S40 lln. of pot&toes left in 
tiie ground, oontained of Btuoh : 

In Angnit tStoSSlbs. 

" Baptcmber SI - SS - 

" Oatobn, 8B " 40" 

" HoTBmlxr. • SS " *6 " 

" ApiU. 88 " «9- 

" Hv- M '»• 

88. The qnantit; of stuoh remuned tbe same during the dor- 
mant state in Winter, hat deor^iaed as soon as the plant began to 
grow, and to require a supply of nutriment 

89. Staioh exists in roots, stems, tiie reoeptacles of flowers, and 
in pulpy fruits. The stem of the lago palm, the reoeptoole of the 
artichoke, and the pulp of the apple, are aitaations in which starch is 
found. 

90. Instances are not wanting in which starch, used for human 
fbod, is found associated with the dmidlMti poison ; thus in Jatrapha 
mamihot, a euphorbiaoeoua plant, the Indians, while engaged in ob- 
tuniug the tapioca of conimeroe, or oassava-meal, dip their arrow- 
heads in the fluid that exudes, to the intent that they may be thereby 
poiaoned. A more fatal poison is not known than the deadly milk of 
this euphorbiacean I 

91. Amongst the Cereab none are more valued for nutrient qual- 



OtjMB^ (ipartlbUi, or Haaslaln Blot. 

Itythan wheat; this appears to arise from another element aboo- 
. dantly fbnnd associated with starch in this grwn, vii., ^atm. A por- 
tion of a grain of wheat, highly magmfied (Fig. 22), displays the 
p«rwarp {a), showing a number of vessels out throu^ ; tha epis- 
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perm (6), an intennediate layer (c)y the gluten cells (<i), and the starch 
cells (e), 

92. It is well known that rice contains yery little nutriment, 
yet a wild species, found abundantly in Wisconsin, and known as 
mountain rice, appears to offer an exception to this rule. In a highly 
nugnified view of a section of Oryzopsis asperifolu^ or mountain 
lice (Fig. 23), we see the pericarp (a), of great substance, and filled 
(apparently) with bordered pores. To this succeeds (b) the episperm, 
followed by an intermediate layer (c), and beneath this layer the 
gluten cells (d), as in the Triticum (wheat). Lastly, we find the 
cells {e) containing the minute corpuscles of starcL 

93. In addition to the microscopical test for starch (hilum and 
concentric rings), there is a simple chemical test of much impor- 
tance, i. e., the Tincture of Iodine ; this re-agent has been briefly al- 
luded to aboYC 

94. If a tissue suspected to contain starch be treated with a mi- 
nute quantity (the less the better) of this fluid, and starch be present, 
a beautiful purple color is the immediate result ; by this simple pro- 
cess a new combination is formed — the iodide of starch. Tincture 
of iodine fails to produce a similar effect upon any other known veg- 
etable tissue, and hence it may be regarded as an unfailing test of the 
presence of Fecula. 

95. By the action of malt, or of sulphuric acid, or by long boil- 
ing in water, a gummy matter is produced from starch called dextrin, 
or soluble starcL This material is now abundantly used as a cheap 
and efficacious form of gum for envelopes, postage stamps, &c. By 
many authors it is supposed that dextrin is formed of the substance 
contained in the interior of the corpuscles ; at all events, the forma- 
tion of dextrin is one of the first steps in the conversion of starch 
into sugar. 

96. Guu is a substance abundantly produced in the vegetable 
kingdom. It is found in many seeds, exudes from the stems and 
twigs of numerous trees, and is contained in the juices of others from 
which it does not exude. 

97. The different kinds of gum have been divided into those 
which are soluble in cold water (gum arabic and mucilage), and those 
which only swell up into a gelatinous matter (tragacanth, cerasioe, 
and pectine.) 

98. Ghim arabic, or gum Senegal, is produced by various species 
of acacia, chiefly natives of Arabia ; hence its scientific name, gum 
acacia, or, on the other hand, its common name of gum arabia 

2 
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From the bark of these trees it exudes as a thick jnioe, which sabse- 
qaently concretes into tears. 

99. Gum arabic is combined with esranney in the gam of the 
cherry and plom. 

100. Mucilage is found in many of the mallow tribe, as marsh 
malhw, and in linseed. 

101. Cbbasine is that part of the gum of the cherry (cercuus), 
plum, and almond trees which is insoluble in cold water. 

102. Pbctinb is a substance procured firom ptJpy fruits, as the 
pear and apple ; it forms a jelly with water, and when dried resem- 
bles gum, or isinglass. 

103. SuoAB is a substance which exists in many plants ; they have 
been divided into those which undergo vinous fermentation, as cane, 
and grape sugar, and those which are not fermentesible, as mannite. 

104 Cane sugar comes from the sugar-cane (Saecharum offi/dna- 
nmC)^ beet-root {Beta vulgaris)^ sugar-maple (Acer saccharinum)^ 
Chinese sugar-cane (Sorghum saHvum)^ and many other plants. 

105. Mannitb is the chief ingredient of manna, which exudes 
from the Omus europcea and Omtts rotundifolia; it is exported from 
Sicily and Calabria, under the name of Jlake manna. It is also 
found in mushrooms, celery, and many species of sea- weeds. 
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OILS, WAX, OHLOEOPHTLLE. BE8IN0US PEODUCTS, CAOUTOHOra 

106. Oil abounds to a great extent in the vegetable kingdom, 
and cells appear to be formed for its special reeeption ; it seems to 
hold the same relation to the vegetable that fat holds to the animal 
kingdom. 

107. This substance is chiefly met with in the seeds of plants ; it 
is highly nutritious (to the plants and appears to nourish the em- 
bryo, until organs are developed capable of obtaining sustenance from 
other sources. 

108. The oils found in plants are either fixed or essential. The 
former are found (drying oil) in Unseed ; fat oils from the olive 
(Olea europ(Ba\ and solid, as lard, in the palm. 

109. The &t oils contain a large quantity of sUarinSy and are 
hence used as a substitute for animal fat in the composition of can- 
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dleB, and for grea«Dg the wheels of lotomotives uid oan on rulroads, 
espcoially in Earope. 

110. The valuable properties of castor oil, obbuned from the 
seeds of Bieinua eommttnii, as a medioine, are well known. 

111. Thi KsaBNTiAL OILS occur in the stem, leaves, flowers and 
fruit of many odoriferous plants, and are proonred by diatillatiaji 
with water ; they are oolled etiencet, and boatain the ooncentrated 
odor of the plant. The most oonspionons of these are the oils of 
cinnamon, otto or attar of roses, of .peppermint, caraway, doves, &o. 

112. Amongst the seeds of plants used for hunan food, or nuU 
as they are called, the almond claims attention. If a thin section of 
it be made, and snbmitted to the microscope, a number of cells (Fig. 
24) filled with a concrete oil will be seen. The masses into which it 
resolves itself are of a variable size ; there is some difficulty in mak- 
ing these preparations and preserving them, as the oil frequently 
quits the cells, aud follows the knife ; moreover, the great density of 
tiie preserving floid, causes the oU to flow out of the cells, and fuse 



SMtlOD nf Altnnnd, BhowlDg 
oil iUBltll. 

SecSon of CoooMiDt. 
into large patches on the outside of the tissue ; cells thus emptied 
are shown in the fignre. 

113. The cells of the Cocoa-nut also oontain a concrete oil (Fig. 
25), which, obt^ned by pressare, possesses much value as an oil for 
l^mps, and a material in the composition of candles. 

114. Wax is another peculiar fatty substance, sometimes found 
in tiie stem aud frrait of plants. It is procured from several species 
of Palms, the candle-berry Myrtle (Myrica cerifera, and JSyrica 
cordifolia) ; It is abo found on the external surface of fruity forming 
the bloom of grapes, plums, &c., and on the leaves of many plants. 

115. It is a popular opinion that the honey-bee forms, secretes, or 



so TSaBTABLB FHTBIOLOaT. [USSOIT 6. 

depodti, the wax leqnired to build its oells ; tliifl, howsrer, is k mia- 
take, wax being Klely a v»getMe product, and neithor Hie bee, ner 
any other aninud, U capable of aeoreting it 

116. Dniing the aedre aeason of the year, when this material ia 
most needed, tlM bees seek those plants whieh dieir instinct tells them 
supply the wax. 

117. They possess the powier of eolleeting it in a state of great 
parity — ^&ee from the extraneons materials with whloh it is miHre or 
les oombined. 

lis. With &eir jaws, they bshion it into thin scales, and place 
them between the plates of the abdomoi for sa&ty, to be ooDTcyed to 
the hire for nse. 

1 19. Well may this singnlarly industrions little creature be called 
iadwi ; with its stomach filled with nectar to be converted into honey, 
its abdominal rings lined with cakes of wax, and the hollow spaces or 
baskets of its thighs, and the hura of its body filled, or coreied with 
grains of pollen for bee-bread- 

120. The seoretion of the cemminoos glands (ear-wax) of animals, 
differs altogether from vegetable wax. 

121. Chlokophills, or the green coloring matter of leaves, is 
allied to wax, bring solobMin ether and aloohol, but insoluble in 
water. 

122. BflsnioTrs Pboddots. — The milky and colored jnioes of plants 
freqnoitly contain rwtns mixed with volatile oils, in the form of 
balsams. 

F». w. 123. These are dther fiuid or aiMd; 

the former may be illoetratdd by the Bal- 
sam of Tola, Balsam of Copaiva, Caipa^iao 
Babam, Strasborg Turpentine, Canada Bal- 
sam, and many others. The solid forms 
may be illostrated by common reun. Sor- 
gnndy pitch, Mastio, Sandaraoh, Elami, 
Gnaiaoiun, Dragon's blood, and others. 

124 Gaoutchooo (India-rubber) is ana- 
l(^ons to essential oils ; it is firand assoriatcd 
with them and rednons matters, In the milky 
jnioe of plants. It is pooored from various 
speoies of Fiona, as Fious elaatioa, &c., by 
woonding the plants, 
tutubnnu thhIl 126. A kind of Caoutchono, Called ^fia 

p9rcha, imported from Singapore, and Borneo, is procured from Iso- 
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Sandra Gatta ; the diief diffiorence between this gum and India-rubber 
iq>pear8 to be, that the milky jniee that yields it (the latter) containsa 
greater amount of staroL 

126. The milky juioe, above referred to, is contained in a system 
of distinct yessels (Fig. 26), called IcLcHferotis {IcLctaj milk) ducts; 
this structure may be easily seen in the India-rubber tree (Fioua 
elagiica)y Dandelion, Lettuce, Celandine, and the various species of 
Fious and Euphorbia. 

127. Some of these milky juices are bland, as in the Cow-tree 
{Oalaetod&ndron utUe)] others are narcotic, as in the Poppy and 
Lettuce ; others purgative, as Ghunboge ; others diuretic^ as Dandelion 
{T<iraaaGtim). 
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BAPHIDBS. 

128. In addition to the various forms of cell— contents already 
enumerated — mineral matter, having either lime as its basis, or silica 
(flint), is abundantly found. Where flinty matter obtains, it fre- 
quently assumes an aeioulcir or needle-like shape— hence called 
Baphidesy from the Greek raphis^ a needle. 

129. The needle shape is not, by any means, universal; they are 
as frequently found of a Stellate (star) form, and not unfrequently as 
single crystals, having an octohedral (eight sides), rectangular (right 
angled), or prismatic (in form of a prism) form. 

130. No part of the plant appears to be free from them; they are 
found in the stem, bark, leavesi stipules, sepal% fruit, root, spiral-ves- 
sels, and even in ibe pollen. 

131. Some plants are known to secrete Oxalie aoid^ which is a 
fatal poison to man, and many other animals. 

132. To counteract the efTect of this vicious material, and neu- 
tralize it, such plants (Onion, Pie-plant or Niubarb), feed greedily 
upon Carhwuste of lime. This earth has great affinity for the 
oxygen of Oxalic acid ; they seek each other, combine, and in the form 
of crystals of varying figure, the new compound is deposited in cells 
as the Oxalate of lime--^ perfectly innocuous combination. 

138. By this simple and beautiful arrangement, deliciouB and 
nutritious vegetables are redeemed to the use of man, which, other- 
wise, would prove speedily &tal to him. 
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1S4. If tlie thin, transpareDt, and dried onter layer of a 
P,g. ST, ripe ODioa be eabiuitted to the mi- 

erosoope, a beantifnl assemblage of 
crystals of this newly formed miner- 
al will be seen in the cells respeo- 
tjvely (Fig. 27). 

135. These are sometimes octa- 
gonal; &eqaently prisniatic. 

IS6. When the lime has been suf- 
ficiently abondant, and the fmit is 
well developed, and of large size, 
. it is usual to find more than one 
crystal in a cell ; whenever this oc- 
curs, they (dwaya form croiaei, sometimes composed of two, fre- 
quently of a plurality of crystals. 

137. The root of the Pie-plant (Shuiarb) con- 

I tains a vast number of aU&aU crystals of oxalate of 
j lime. (Fig. 28.) 

The common English rhubarb, bo abun- 
' dantly cultivated in our Gardens, and offering such a 
\ delicious, and highly nutritive material for pies and 
I tarts, in advance of all other frnits, contains a &r Iras 
amonnt of this mineral than the Turkey Rhubarb, so 
valuable as a medicine. In the latter, it exists to so 
t FM.n. 
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alniiL 




BqihldM, Beet-toM. 
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great extent, that the only teat for ftaa root, as compared vith the 
English, which is frequently substituted for it, is to ch»w a small 
piece of it, when if it be found particularly gritty (oocasioned by the 
crystals of oxalate of lime), its identity is aeeured. 

139. CiystalB of oxalate of lime, of the stellate fonn, are also 
found in the Beet-root (Fig. 29), the nuion cactut (Fig. 30), and (to- 
gether with starch) in a Cycadaceous plant {Ene»phalaTtus pungens) 
(Fig. 31). The bulb of the Squill plant {SguUla martivna) (Fig. 32) 
contains raphides. 

140. Oxalic ia uot the only acid found combined with lime to 



Squills mulIJEDL Cflllo of Bamux, conUlnlog rapbldBL 

form raphides in the plant ; on the contrary, pliosphoric, malio, snl- 
pbnric, and carbonic acids, all contribute to tlte varied forms of these 
crystals. 

141. Phosphate of lime generally produoes acicular crystals (a), 
Fia.si. as seen in the cells of Rumex 

I (BhtAarb) (Fig. 83); tie leaf of 
I the maple also affords similar crys- 
I tals (Fig. 34). 

142. So wonder^ly abundant 
_| are raphides in certain plants, that 
O.U<>(.()fapl.lMi;<»Bt<di>liwrq>UdM. jijg j^tg p^f B^iigy (j,f -yy^j 

Point) oomputed in a square inch of Locust-bark, the thickness of 
writing paper, more than a mQlian and a half of these crystals I 

143. Certain species of the Caettu tribe of plants contain such 
an inordinate quantity of raphides that they appear to be almost en- 
tirely made up of tbem ; sometimes every cell of the cuticle contains 
stellate orystaJs, whereby these plants are rendered axoeedingly brit- 



TmU of the Elm, ihowliig 
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He, BO much so, that the teut tonoh wUl prodnee 
afraotore. 

144. The bark of trees is a sonrce frnitfol in 
raphides ; thej are abuDdantly found not only 
in the Locust (as we have seen}, hnt in tiie 
Hickory, Apple, Pear, Sus. 

145. It has been remarked that the testa 
(shell) of manj seeds oontain them, and a 
figore is given (Fig. 35) of the tegta of the seed 
of the Sim. 



LESSON VIII. 

BOI^EBOGEtt, OB LIORIBE. 

146. This word oomes from the Greek tldarot, hani, and is ap- 
plied to certain depositions fonnd in the interior of oells. It is also 
called Lignine, or woody fibre; it is supposed to b« a modified form 
of cellulose. 

147. The albumen of the fruit of a Palm (PhyM^lMt macro 
carpa), hardened by this peculiar depoeitjou, forme not only a most 
beautiful object for die microscope, but it has become an important 
article of commerce; handles for canes and nmbrellas are turned out 
of this valuable substance, known as the nut, or vegetable Ivory ; 
pipe bowls, and a variety of articles are fashioned out of it 

148. For a few months after it is gathered, it remains bo soft 
that it may be easily out in thin sections with a penknife, but expo> 
sure ta the atmosphere inspiBsat«s it, and it beoomes so remarkably 
hard that it can be turned, and highly polished in a lathe, with great 
ease. 

149. A thin section, examined by the microscope, preaents a 
charming appearance (Fig. 86). The cells are all distincdy visible, 
each one containing in its centre a vedole composed of solerogen, or 
lignine ; from this vesicle a series of tnb« radiate to tlie inner mar- 
gin of die oell-irall — ^but they never pass through it — to an adjcming 
cell. In the nut ivory, the tubes are of unusual siie, and have a 
knobbed termination. 

150. Those persons who eat pears and quinces, will have observed 
t^at as they approaoh the seeds, w. the centre of these frnits, their 
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teetii oome in oootaet with a niiMber of minate, hard pirtieke in Oie 
pulp oelU ; they try to onuh them with their teeth, but find them 
muoh too dense. These oonatitnte what is called the gritty tissue. 

151. A thin bUoo of a pear examined b; tJie miorosoope (Fig. 37), 
showe that this tissne ia made up of a variable number of distinct 
particles {a), whioh form a mass, of nnoertfun site, amidst the palp 
cells (b). 



152. There can be no doubt that the intention of surrounding the 
seeds with this peooliar tiseaa is, to aflbrd them a certain degree of 
protection; and it appears to foreshadow the more perfect derelop- 
ment of a superior tissue designed for the same purpose (protection), 
met with in the cherry, plnm, peach, and other fruit stones. 

153. Some of the elements of the gritty tissue, of increased use, 
are shown in the aooompanying figure (Fig. 88} ; in oommoo with 



(• of gritt; Umm, m.fiMltJl TmIi of ITnt Itott. 



other like tisBues, there is a central vende, assodated with radiating 
tubes. 

154 The teeta, or husk, of the Nnt Ivory (Pig. 39), presents a 
very fine view of the arrangement of the sclerogen ; it ia only neces- 
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sary to grind it down tliin euoo^ to traosmit light easily, and mount 
it in fluid as a preparation. 

155. This sections of the Peach, Cherry, and Plum stones, show 
Btroctures not very dissimilar ; these, together with the Hazel-nut, 
Walnut (English), and Coeoa-nut, so much resemble the ultimate 
structure of bone, as frequently to bo mistaken for it ; there is only 
one broad oharacter that separates them — in bone, the tubes con- 
nected with the central vesicles (here called canalicuti, or little 
tubes) freely anastomose (or join) throughout the tissue, whereas in 
vegetable similar structures, the tubes are confined within the limits 
of the cell-wall. 

156. The Cberry-stone (Fig. 40) and the i'eocA-stone, very 
much resemble ca«h other; in both the like general arrangement 
occurs. 

167, But the cnlminating point of beauty of these tisanes, appears 
to be the Cocoa-nut, seen in transverse section (Fig. 41). The cells 

Fia. 40. Fie. tL 



and tbeb internal vesicles are of 

greatly increased mze, as compared Tmuven*»oHonofBhailof 

with similar stmotures, and the 

connecting tubes correspondingly numerous and delicate. 

WoonY FiBBH. 

158. Of all the forms of cells, the wood and bass-cells are most 
important in the domestic economy of mankind. 

159. The " bass-cells " are the longest of all ; their walls are gen- 
erally very tliiok, and mostly much bent, but rarely marked with pores 
or spiral fibres; only in the silk plant {Asdepias Syriaca), the Olean- 
der, and allied plante, is a spiral striation of the walls observed. 

160- The materials used for ropes, cordage, linen, certain Indian 
muslins, mammy cloth, and mats, oonsist of the woody fibre of plants, 
&om which the more delicate tissues have be«k removed by long-eon- 
tinned maceration in water. 



BCLEBOOBN, OB UONnrZ. 



XJnDm "*'^^T<Tt^Tinim. or FUx pluiL CuuubiB atlvm^ or Hflmp pUfit. 

161. Flax (or lint) ia thus proonred from the bark of ZAnun 
utitatitiimum (Fig. 42), h«mp, from CktnnaMi tativa (Fig. 43), Nev 



Phonnlnm tenu. New Zeilud Su. 

Zealand flax from Phormium tenax 
(Fig. 44), and bass (or bast) from the 
common Lime, or Lindm tree. 

162. FibrM are also proonred for 
maon^tnring pnrpOBes from the Pine- 
apple plant (Ajumasta tativa),iTota 



Yucca gloriosa (Fig. 45), from Bothmeria nivea, which yields tho 
Chineae grass-fibre, from most of the plants beloogiog to the mallov 
and nettle tribes, and from some of the legaminons plants. 

163. The tenatnty of different kinds of woody fibre, as oontraBted 
with silk, is given by De CandoUe, thus : 



WaXTABIM i'btbiolost. 



If the mKoention of the fibre be oarried on to much extent, a, palp is 
formed from which psper is nunnfMrtureii 

164. In ordin&rf paper ihe Tegetable Btraotore is entirely de- 
stroyed, but in the Chinese ric«-pap9r, which is not prepared by 
maceration, and in the paper of JapftD, made from the molberrj, it 
is preserved. 

165. The strnotnre of flax, so largely employed in the manofac- 
tnre of linen, is pecnliar ; Mid to guard oniselree against those mann- 
faotnrers who employ (frequently) a large percentage of ootton, to be 
nsed in mannfaotnres hereafter to be warranted " all linen," it is 
worth the while to examine it. 

166. If a linen thread be soraped with the thnmb-nul to separate 
it into its primitive elements, or ultimate fibres, and 
placed under the microsoope, an appearance will be 
presented like Fig. 46. 

167. It will now be seen that we have a series of 
(Apparently) solid, cylindrical, many-jointed fibres — 
the joints not very dissimilar to those of a bamboo 
cane; really, however, they are tubes, bo nearly 
filled with solid contents that it is by no means easy 
to satisfy oneself of the &cL 

168. The onter membrane of the tube is stnic- 
tnreless, although, oooauonally, delicate transverse 
markings may be seen. 

169. These tabes are of great length, and nsaally pointed at both 
ends ; they are also remarkable for their tonghness. 

170. Cotton ie not woody fibre, bat simply the hair of tlie plant 
producing it, and will be described under the proper bead. 



LESSON IX. 

TABODLAS TtSBUK. 

171. The kiots of a plant absorb a ocmtinued inflnz of nutrient 
matter, which oironlates throngh it, wliile the snperflnons water is 
evaporated by tiie atomata (breatliing months). 
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172. This lOOTenieiit of the sap klterB the form of the oeUs 
through which it passes, and eiongatet them. 

178. The valla of most of these elongated oells heoome thiclcened, 
they hare a tendency to aggregaU, and thna ia formed, in the midst 
of the cellular tuene, bundles of elongated oells, or Teasels, called 
vaacular bundkt, which to the naked eye look like dense fibres 
miming throndt the tissae of the plant. 

174. In one great division of plants {Monocotyledons), to which 
the Qraisea, lAUat, Faimi, &o., belong, the development of these 
Tsscolar handles stops short at a oertain stage, and they nndeigo no 
farther alteration. 

175. In another alass, on the contrary {Dicotyledons), to which 
belong onr forest trees, kitchen vegetables, and many others, there ia 
a oontinuons developrnmit of cells on the oat«r side of each vascalsr 
handle, which become in torn vaactdar iundlt ettU, and so onoeas- 
ingly inoreaae the thiokneaa of the bandies. 

176. As a oonaeqnenoe, they gradoally dose up together into a 
firm tissne, or into that form we call wood. 

177. In relation to human wante, these vasoillar handles become 
important on aoconnt of the chief portion of their contents (the spiral 
fibre) constitating wood, and woody fibre, or baas. 

178. Examined by the microeoope, vasoolar tissue, in its origmal 
development, presents itself as a spirally wound ooU of woody fibre, 
within a cell, of cellulose (Fig. 47). 

179. A vascular bundle, microsoopioally 
examined, displays vessels in several distinot 
forma ; some like Fig. 47, others heoomijtg an- 
nuJor,' annular vessels perfectly formed; seal- 
arifonn (scolo, a ladder) vessels; and old ves- 
eela — eitiier emptied of their contents, or filled 
with woody fibre. 

180. There appears to be great probabll- 
ity for believing that spiral Teasels are ahoaya 
fanned originalty like Fig. 47; having sub- 
served the purpose for which they were de- 
veloped, they begin to degenerate; this prooees 
is, however, a alow one, and no great impedi- 
ment appears to aocrae for some time to the 
tnuHmission of tie sap— not until the ligneous ^p'"" t(*m1«. 
elements are entirely removed, or the old vessels he filled withj^tMt 
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To aabstuiti&te tlieae opinions, the following series of illnatrationB, 
drairn from existing preparations, are offered. 

181. The first stage of the process of disintegration appears to be 
a concentration of the spiral element into a filament of greatly in- 
creased robustness (Fig. 48) j the newl; formed spiral then throws 

itself into a loose and irr^- 
^"- ^ nlar coil within the cell, the 

parietes (sides) of the latter 
"' becoming at this period par- 

ticularly distinct; the ter- 
minations of the filament ex- 
hibit a tendency to form 
rings, which having done, by 
a process of absorption, they 
are cut off, and separated by 
an interval of space. Thie 
process continues till the en- 
tire tube cont«ns only a se- 

v««.ibe»D.iDg.imTiiK. . "es of rings, more or less 

widely separated (Fig. 49), 

now called annula, from anellus, a little ring. 

182. The process of gradual decadence (decay) does not stop 
here. It is very easy, by long continued maceration in water, to 
separate these rings from the tubular envelope, for they, being com- 
posed of woody fibre, can resist the action of water, to which the 
tubes of cellulose must speedily snccnmb. These rings, thus obtamed, 
are shown at Fig. 50. In this view of them it will be seen that they 
are not round, but compressed rings, with a variable nnmber of 
anglM. 

183. It is easy to onderstaud that the process of absorption, al- 
ready in operation to produce a series of rings ont of a continnous 
spiral thread, does not necessarily cease, and snch appears to be 
the fact. 

184. One of the rings (A), has been divided into ei^kt portions, 
to show the like separation which occurs in nature; absorption and 
concentration having firstly formed the insular filament, and second- 
ly divided it into a series of distinct rings, still oontinnes, by divid- 
ing tiie rings respectively, all of them remaining, in situ (siiuaiion, 
place), and removing a portion of each divided fragment — rounding 
its extremities — till a scalarifbrm vessel (Fig. 61) results. 
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185. From thia point the absorptive prooen oontinaes, nntU erery 
particle of Ugoeoiu matter is removed from the tabe, which is now 



called an old vssul (Big. 62); this either oontinaes permaneDtl^ 
empty, or becomes filled with a bundle of wood; fibre. 

186. Spiral TeBsek are nearly round, fio. tg. 
annular Tesaela are more or less com- 
pressed tubes, but BcaUriform vessels 

preserve a bettutifully Bymmetrical figure, 
while an old vessel letams to the origi- 
nal roQuded form. 

187. The figure of the tcalariforTrt, 
as compared with the annular vessel, 
seems to arise from the fact of the annn- 
lar rings being broken np, and the tube 
of cellulose readily yielding, between the 
ligneona particles, to the pressure which 

uniformly surrounds it. A beautiful ""'^""'^'^ '^'" '"""*"^"- 
view of Soslarifbrm vessels, from the stem of a Fern, is ^ven in 
Fig. 68, in which it will be seen that they form groups, of variable 
siie, in the midst of the cellular tissue. There cannot be a finer ex- 
hibition of these vessels, than a transverse section of the stem of a 
fern discloses. 
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LESSON X. 

POBOUB AlTD DOTTBD DITOTfl. 



188. In ftddition to the spiral, and other venaela already de- 
scribed, tubes or oanala are also found in plants; these are called 
dtieti, and give to woods their various degrees of poroeitj. 

189. Spiral vessels can be easily unrolled — duets poesesa no such 
capability, and henoe the word duct ia limited to such yeaseU as can- 
not be unwound. 

fh. u. 190- Dotted dncto are peouliar to firs, pines, and cone- 
bearing trees; they consist of spindlc-Bhaped, or fusiform 
cells (Fig. 54), bearing a variable number, according to spe- 
cies, of sancer-flh^ed discs, each having a small circle in tlie 
centre. 

191. These peculiar marldngB are formed by concave de- 
pressions on the outflide of the walls of contiguous tubes, 
which are closely applied to each other, forming lenticular 
(shaped like a lens) cavities between the vessels, Uke two 
watch-glasses in close apposition ; when seen by transmitted 
light they appear like discs. 

192. This structure is common to, and charaot«ristio of 
dMt'irfiiiB ^^ cone-bearing trees ; the number of discs, or ducts, in a 

^'- given cell is found to differ in the several species, thus the 
pine (Fig. 55) has only a single row in each cell; the pima strobus 
(Weymouth pine. Fig. 56) has two rows of discs, arranged on the 
same plane; whilst Aravcaria has two and ^uee rows (Fig. 57), ar- 
ranged alternately. 

Fio. BH Fia. M. rra. CT 



Dotted duels of Doati of PIddi Dmita^ Animuli. 

th« Ptna SlrobiM. 

103. These oharaoters are so oonstant that, by the number of 
discs in a cell, together with the mode of their Kirangement, Fossil 
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Goniferoua woods hare been easily amDj^ m speoies ; a figure of 
fossil wood, &am a oone-bearing tree, is presented (Fig. 58). In thb 
illnstration the oell is filled with foar rows of alternate duets. The 
small spot in the oentre of each concave disc, is supposed to be all 
that remains of a series of Teasels formerly (during the development 
of the plant) existing in that situation. 



194. The Teasels constituting the porous, dotted, or 
pitted Tasculor tissiv, aro continaooa tubes of large 
size, and usually present broad or oblique extremities ; 
but sometimes the terminatioas are pointed (Fig. 59). 
Their dotted, or pitted, appearance is supposed to de- 
pend on the mods in which the encrusting matter is 
formed innde. In place of being deposited equally 
OTer the whole surface of the membrane, as in ordinary 
woody fibre, it leaTes rounded nncoTered spots at vari- porou* 
ona intervals, aaA these, when Tiewed by transmitted <>'*<^ 
light, appear from their thinness to be perforations or holes. 

195. In old dotted dnots it frequently happens, that the thin 
membrane of the dots, or pits, has become absorbed, ^^^ ^ 
and actual perforations taken place. 

196. Dotted TeeseU often present a jointed appear- 
ance, such as ia shown in Fig. 60 ; in such cases, they are 
seen to be formed of dotted cells placed end to end, so 
as to form continuous cylindrical tubes. 

197. Dotted duets are abundantly found in tbe wood 
of trees, and they constitute the large rounded opoDiDgs 
seen in transTerse sections of the stems of oak, pop- 
lar, toillouj, &^ They also abound in the Bamboo, and 

in other plants of rapid irrowtL „ ^ 

198. Porous duots are Tory numerous m the Locust 

tree, and are of great beauty (Fig. 61) ; it will be seen that the lower 
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part of one dnot, and the tipper portion of another ie ehown together 
irith two perfect oella : the pores are bordered pores. 

199. In the apple tree another form of porous ressel is foand ; 
a poroos vessel with rery minute pores placed in the interstioes of a 
doable spiral, snddonlj bulges out into an inordinately large cell, 
destitute of pores, and having a number of lines, or bars, running 
irregnlarlj across it (Fig. 62) ; it does not appear that there is an; 
membrane between these bars, or lines, to connect them. 
Fia. ai 



Poroiu duet, Loeut. Fonma tsmsI, Appla. Fotdiu dnot, Buawoud. 

209. But the most beautiful ducts or Tossels of this kind, are 
fband in the Basawood; here, thej exist in great number and of 
considerable length, having a uniform diameter for the greater part 
of their course ; the ends are pointed. 

201. They consist of a singularly beautiful double-spiral thread 
(Fig. 63), in the meshes of which one, and sometimes two duets are seen. / 
The whole of this structure is confined in a tube of cellulose, which,/ 
under the microscope, presents a very glistening appearance. 



LE8S0K XI. 

BILICA. 

202. This mineral, so abundantly found in all kinds of soils, uni- 
versally throughout the surface of the Globe, is of the greatest conse- 
quence to the vegetable kingdom. 

203. We have already seen that certain vegetab^ have a para- 
mount necessity for the GarbonaU of lime ; with its assistance, as an 
article of food, they flourish, and luxuriate — without it, they perish. 

204. The carbonate of lime rarely exists in its pnre, original state, 
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but is tunudly associated with an acid, someiimea oxdUe^ at other 
times phosphoric^ or ccvrbcmc acid. 

205. Silica, on the contrary, is found in large quantity in yegeta* 
ble tissues in all its integrity 9Apurefiint. 

206. There can be no doubt that the roots obtain this mineral 
from the earth ; elahoraUy or digest it, and reproduce it in a new and 
characteristic form. 

207. Each of the grasses, for example, affords a large supply of 
this mineral ; but the/orm and arrangement of it is always pectdiar^ 
and such as can only be found in that particular species, in which 
such form, however, is constant. It may excite our wonder and sur* 
prise to learn how it is possible for the roots of a plant to decompose, 
that they may feed upon such an intractable substance as flint ! 

208. Yet the process is a yery simple and natural one : in addi- 
tion to flinty materials, the earth contains large supplies of alkalies — 
potash and soda. 

209. Silica, that resists the action of the most powerful acids, 
succumbs to alkalies. By union with these elements, the fiint is 
dissolved to a fluid state, and forms the silicate ofpotash, or of soday 
as the case may be. 

210. The Chemist can form artificial silicates : by a process of 
manipulation of one kind, he forms a silicate soluble in water; by 
another process he makes an insoluble silicate. 

211. By their effects it would appear that the silicates formed by 
nature, are (originally) soluble; that they are so much reduced by 
the addition of water as to become easy of access to the roots of the. 
plants which absorb them ; at the same time it is possible that the 
superabundance of the alkaline materials, may render an insoluble sili- 
cate sufficiently fluid to be appropriated by the roots. 

212. Under any circumstances it is quite certain that the silica 
found in plants after they have elaborated it, is always perfectly 
insoluble. If, howeyer, it be formed as a soluble siUcate, then it 
becomes insoluble in the tissues of the plant — due, doubtless, to the 
yital energies of the organism. 

213. The mode by which the tissues of plants and animals become 
sUicified, or fossilized, is a yery simple one : they lie beneath the sur- 
face of the earth, in and surrounded by the silicates of potash, or soda,* 
these materials are gradually absorbed by the tissues, which, whether 
wood or bone, are easily accessible to the transmission of fluids. 

214. By slow and insensible degrees, through a long series of 
years, the character of the original tissues gradually changes, the 
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finid silioa taking their plftoe. None of the Btraotnree foimd fbgailiied 
have a tendenoy to deoompoution, and, from the moment the; begin 
to abeorb liquid flint, this prooess is rendered impossible : the; can 
afi'oTd, therefore, to wait the development of time, and whenever tlie 
oircumataDoea are &vorable, the aqueous particles are removed hy 
ev^ioration, and the solid silica alone remains. 

S15. This prooess is so remarkably slow in nature, that tbe tcft 
parti of animals are very rarely found fossil; but they, in common 
with bones and woods, may be easily oonTerted into flint, artificially — 
and the softer the tiasoe (brain) the quicker and more certain the 
experiment 



LESSON XII. 

BtLtCA, (CONTINIIKD.) 

216. Silica obtuns to the greatest extent in the lowest forms of 
T^tablc life, A large class of minute (miorosoopioal) organisms, 
originally classed by Ehrenberg with the animal kingdom, are now 
known to be vegetable, and from their possessing a double external 
covering, like the bivalve {bis, two) shells, they are called Diafomaea 

' (itoo-aioms). 

217. The loncte (shells) of the organic struotores inclnded under 
tluB head are formed entirely of pure flint, the pattern (so to speak) 
beug always remarkable, pecaliar, and limited to species. 

218. The Arackncidiscua (Spider's web disc), finmd in Peruvian 
Gnano (Fig. 64), is a very beautiful ^^ ^ 

example ; the specimen has been sub- 
ject to long continued boiling in 
strong nitric acid — a usual method of 
procuring these forms for microsoopioal 
purposes — to free them from the ex- 
traneous materials with which they 
were snrrouDded ; the exact, nay, 
maihenuiiieat preddon with which it 
is divided, renders it a very remark- 
able illnstration. 

219. Kindred forms are so abun- 
dant, both recent. In all the fresh- Ax»imowi«™ Ki™ib«giL 
water pools, and foasil, constituting by &r the greater part of the 
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Earth's surface, that the temptation to figure and describe them is 
very great ; belonging to the yegetable kingdom, too, such a proceed- 
ing would be quite justifisible in this place — ^but it would transcend the 
limits of the present work. 

220. The grasses^ which include all the Cereal grains, Canes, 
Horse-tails, &o,, are conspicuous for the large amount of silica which 
enters into their composition. Who has not marvelled at the singu- 
larly erect position of a stalk of wheat, or rye, or barley, each support- 
ing a heavy ear of grain at its summit ? 

221. And yet how few persons have enquired how it is, and why, 
that a slender stalk can grow so tall, and maintain, even against ad- 
verse elements, its perpendicular, erect form. 

222. If a piece of straw of wheat, or any other cereal, be boiled 
in strong nitric acid, well washed in clean water, and examined by 
the Microscope, the secret will be developed; it will then be seen that 
it is defended from the root to the summit with a coat of pure, beau- 
tifully transparent silica, composed of millions of minute particles, 
all nicely jointed or fitted to each other. 

223. Upon this principle all the grasses are defended by a skele- 
ton (as it were) composed of flint. The silica of the husk (chaff) of 
the rye, is shown at Fig. 65 ; it consists of a number of long bars 

P,^ ^ (i), connected with smaller oval bodies (a) — 

these are the casts in flint of the stomata, or 
breathing mouths. 

224 The husks of all the cereals, together 
with the hairs (palese), are also entirely cov- 
ered with flinty matter, and those persons who 
indulge to much extent in the use of oat-cake, 
or brown bread, are liable to large concretions 
of flinty matter (that no stomach can possibly 
digest) forming in the intestinal canal, which 
must necessarily (sooner or later) prove fiitaL 
Sflicaof Bye. 225. In the Museum of the Royal CoUege 

of Surgeons, England, several such masses may be seen, all the result 
of post-mortem examinations. 

226. The Microscope has satisfactorily determined, long ago, that 
some of these concreted masses are composed of silica of the oat, and 
odiers of the silica of wheat, obtained firom the intestines of the in- 
veterate eaters of brown bread, or oat-cake. * 

227. There is a popular prejudice in favor of this description of 
food, and used occasionaUy, and in moderaiUm^ it is well founded. 
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There can be no doubt that the minute particles of flint, liberated by 
the digestion of the food, will have a tendency to slightly irritate the 
mucous membrane of the siamctch and bcwehy thereby increasing the 
circulation of the blood, and waking up (as it were) the dormant en- 
ergies of the muscular coat of these tissues. But this increased ac- 
tivity is intended to ea^d or digest the foreign enemy, the flint, and 
when repeated attempts of this kind end only in failure, the stomach 
and intestinal canal relapse into a state of increased torpor, and leave 
the obnoxious substance to pass, or not, as it may ; these are the cir- 
cumstances which originate concretions. 

228. In the Kingdom of Saxony there is a mountain range 
of many miles extent, composed of a tohite, pulverulent earth, 
called by the inhabitants Berg-mehl, MountairMneal, In seasons of 
scarcity, the people are wont to mix this Berg-mehl with equal parts 
of flour to make their bread, and assert that it is not unwholesome. 
During a short period in the Summer months, this practice is found 
in most seasons to prevail, without bad results. 

229. Examined by the Microscope, the Hountain-meal is found 
to consist principally of a number of minute fossil diatoms, but chiefly 
of a form limited (almost) to this formation — Camp^>odisctis dupeus 
(Fig. 66). All that remains of this fossil is the flinty lorica (shell), 
with its minute, sharp processes, which are likely to occasion the 
same amount of irritation as that resulting from the flint of the 
wheat, or oat. 



•♦• 



LESSON XIII. 

SILICA (CONCLUDED). 

230. The silicious particles of the Oat (Fig. 67) resemble those 
of the Rye, except that they are smaller in size ; in the Wheat (Fig. 
68) they are not smaller; the same eietnents will be found in all tiiese 
illustrations, that is to say, the lengthened bar and the connecting 
rounded piece — ^a cast in flint of the breathing mouth. Moreover, 
the bars have all serrated (toothed, like a saw) edges, by means of 
which they lock into each other to form a continuous tissue, just as 
the bones of the human skull interlock at the sutures. 

231.' The flint obtained from the husk of the Bice, differs some- 
what from the preceding illustrations (Fig. 69). Here we find that 
the bars are shorter and broader, the serratures finer and more uni- 
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fbnn in siie ; the Btom&ta ue &pp&rent u nuoleftted spota in a torta- 
ous line, which oocnpiea tlie central portion of each bar. 

282. The Tuious species of Horae-tiiils {Equitetum) are remarka- 
ble for the large amoont of flint found in Uieir oatlonlar covering. 
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One species {£ hyetnale), or Dutch rusli, or scouring rush, presents a 
flinty layer, which forms a fine object under the Microscope (Fig. 70). 

233. The flint in this plant appears to be an accurate cast of the 
tissue (cuticle] with which it is in contact; everj eel), and the nucleus 
of erery cell, is faithfully represented. 

2^. In addition to this structure of the oells, the stomata are 



BlUeaofKies. EqulHtam HTUu^e. 

well represented, and, as will be seen by reference to the Fig. {a, a), 
they are douU» — the one internal, the other eztemaL The internal 
breathiug-months are the large circles, with irregular openings; 
through these openings, and through the transparent sides of the cir- 
cles, the external stomata may be seen. These consist of a pair of 
lips, whioh open in the direction of the long axis of the plant, and, 



40 TBGETABLS FHTBIOLOOY. [lESSOIT 13. 

provided with ooftrae Berratnrefl on their internal nutrg^na, t&eir ends 
are attenuated (reduced, made thin) and aoouminated (pointed). 

235. The Dutoh rush used to be employed extensiTelj hy oahi- 
netmakers, to smooth their work, preparatory to polishing it, but 
rinoe the introdnotiou of gloMi or land paper, of various degrees of 
fiueneea, it has fallen into disuse with these artisans ; it is still great- 
ly employed, howeTer, by ptaster'of-paris figure makers, to file down 
the seams left by the junction of the several parts of their piece- 
moulds, and for this purpose it ia invaluable. 

236. The Bull-rushas, and all the plants of this order, also con- 
tain large qnantitiea of silica. 

237. Silica, however, is not by any means restricted to tbe 
Grasses; it enters into the composition of a vast nnmber of plants, 
in some of them associated with the celb of the bark — in others with 
the cells of the outioles of the leaves. 

238. In the latter situation it is found in a very common garden 
shmh, which has no vulgar name, the JJeutzia aeabra ; on the upper 
cutjole may be seen a series of large, exquisitely beautiful stellate 
crystals of flint, of (comparatively) large BiEe(Fig 71). 



Vpftt tnUde, DentiU •al»m, 

239. On the upper cuticle, the stars are composed of (torn 8 to 
a radii, four and Ave rays, however, being the most abundant. 

240. The under cuticle has a much more dense number of smaller 
stars, placed nearer together, and the rays of which amonnl to from 
10 to 13 (Fig. 72). 
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241. In this country, it appeare that the domoetios have dis- 
covered the ecoDOmio vulue of Deatzia, aa they employ the leaves 
vith which to rub up and brighten their tin-wares — a function they 
mnat be very capable of per- y^^ ^ 

farming. 

242. The quantity of Sil- 
ica coataijied in the Canes, 
especially the bamboo, is very 
great ; in the latter it is fre- 
qnently found in the form of 
a solid layer, between the 

jomt^ <»U.d « T.ba.lieer." ^^ ^^^ „ „,^ 

243. Reeda, from the large 

quantity of Silica they contain, are eaid, daring hurricanes in warm 
climates, to have actually caused conflagrations, by striking agunst 
each other, and produobg flame by friction. 

244. Silicate of potash in a vegetable sap may be mixed with oz- 
alio acid, by which oxaiate of potash and ailicie acid will be pro- 
duced, and thus the silioa may be deposited in cells by this process 
of double decomposition. 

245. When these chemical compounds meet, they mutually de- 
compose each other in this wise: Oxygen has more affinity for ,po^as&. 
than for the acid with which it has combined to form oxalic acid; 

it therefore quits the acid, which is let free, and joins the potash to ■ ■" , S'j 
form a new compound — Palate of potaah. Then the silica has more ' O [ 
affinity for the acid liberated by the oxygen than for potash ; it com- 
bines with it, therefore, and forms lilioio add, and thus new com- 
pounds result. 

24G. Chara tmmlucena possesses a covering of sili^ acid, which 
could only have been formed m the manner indicated ; (7. vulgaris 
has a covering composed of silicic acid and oarbonate of lime, while 
Chara hispida has a covering of carbonate of lime alone. 



LESSON XIV. 



247. Hairs are composed of one or more transparent delicate 
cells, proceeding firom the epidennis, and covered with the cuticle. 

248. Their form is very various ; some are erect, others oblique, 
or they may lie parallel to the snr&oe, as in the mullein. 
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249. Sometimes they are composed of & single oell, vhioh ia «m- 
ple snd nndivided, or forked, or branched ; at other times thej are 
composed of maaj oelU, either placed end to end, or muted together 
laterallj, and gradn&Uj farming a cone, as in eompoond hurs. 

250. Hairs ooenr on Tarions parts of plants ; as the stem, leaves, 
flowers, seed-veaaelH and seeds, and even in the interior of veesela. 

251. Hairs are developed oooasiooally to a great extent on plants 
exposed to elevated temperatares, as veil as on those growing on 
lofty mountains. Different parts of plants are transfjrmed into 
hairs, as may be seen in the flowering stalks of Skia Cotinua, and in 
the calyx of Composita. 



UMnuu pnulen*, or Gowlteh. DlaiHH mudpab, or Yeniu' Fly-tnp. 

252. On the pod of tie Cowitch {Maeuna prurieTu), hairs arc 
prodaoed with projections on their surface, which cause great irrita- 
tion when Emptied to the akin (Fig. 73). 

258. In Venoa' Fly-trap {ZHontaa muscipula), stiff hairs eiist on 
the blades of the leaf (Fig. 74), which, when touched, cause them to 
dose (fl), thereby impaling the fiy. 

254. Cotton is simply the hair surrounding the seeds of OosHpi- 
urn herbaceum ; as they dry, they collapse into a flat band with 
rather rounded borders, and ultimately become twisted (Fig. 75) ; by 
these oharaoters, the fibre of cotton can be readily distinguished un- 
der the microscope from all other tissues, and when associated with 
fli^^^ can be identified, and counted with great precision. 

265. The hairs moat frequently met with in plants are called 
lyn^haiic, from their not being oonneoted with any particular secre- 
tion. Those, on the other hwid, which have secreting oellfl at their 
baae, or apex, are called gtandular hairi. 
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256. GUnds are oolteotioDB of cells forming MoretionB ; tbej.itra 
either sia.lk«d or noi aialked. The forroer itre gUndol&r haicB, hav 
iog the seoreting oellfi at the apex. 



>n (Oosilpliun hertWMiun)^ 



EUln of pluta. 



257. These stalked hairs are either oomposed of a single oeU, vith 
a dilatation at the apex (Fig. 76, A), or of sereral cells united to- 
gether, the upper one being the secreting organ (Fig. 
76, B). In place of a tingh terminating secreting 
cell, there are occasionally too (Fig. 76, C), or more (D). 

258. Hairs sometimes serve as ducts throngh which 
the secretion of glands is discharged j these are glandu- 
lar hairs, with the secreting cells at the bast. Sneh 
hairs are foand in the common nettle (Fig. 77), in 
Inxua, or ChtH nettis, and in Maipighia, and are nsa- 
all; oalled gtingt. 

259. In the Nettle ( Uriica Moi- ^»- ™- 
ea), they consist of a ungle conical 
cell, dilated at its base (see Fig.), 
and closed at first at the ^)cx by a 
small globnlar button placed ob> 
liquelj {a). This button breaks off 
on the slightest touch, vhen the 
sharp extremity of the hair enters 

via (Miuo). the skin, and pours into the wound 
the irritating fluid which has been pressed out 
from the elastic epidermal cells at the base. 

260. When a nettle is grasped with Tiolence, 
the sting is fractured, and bcnce no injury is done u»ir, Dm*™ rotundifii. 
to the skin. 
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261. The globular apex of glandular hairs sometimes forms a 
viscid secretion, as in the Chinese Sundew {Drosera ratundifdUa). 
The hairs of this plant, by means of its peculiar seoretion, are 
enabled to detain insects which chance to alight on them (Fig. 78). 



-•-♦-♦- 



LESSON XV. 

CUTICLE. 

262. This tissue in plants corresponds remarkably with the kin- 
dred tissue in animals, especially in man. In both it is non-vascular, 
transparentj'more or less thicky and abundantly supplied unih hairy 
as we have just seen. 

263. In plants, it is usually formed by a layer or layers of com- 
pressed cells, which assume a flattened shape, and have their walls 
bounded by straight or by flexuous lines. Every leaf presents a cu- 
ticle on the upper and on the under surface, each composed entirely 
of cells, but in many plants dissimilar in the two cuticles. 

264. The cuticle is sometimes thin and soft, at other times dense 
and hard. In the former case it may easily be detached from the 
subjacent cells ; in the latter, the cells become thickened by deposits, 
and sometimes the layers are so produced as to leave uncovered 
spots, which communicate with the interior of the cell by canals pass- 
ing through the thickened layers. 

265. In terrestrial plants the breathing mouths (stomata) are 
placed, generally, wholly on the under cuticle, but some plants have 
in addition a few scattered organs of this description on the upper 
cuticle. The object of placing these important organs on the under 
surface of the leaf, is to protect them from the rain, which would in- 
terfere with the due performance of their function if it fell upon the 
surface to which they were attached. 

266. Stomata open or close, according to the state of moisture or 
dryness in the atmosphere. By examining under the microscope, 
thin strips of cuticle in a moist and dry state, it will be seen that in 
the former case the lips are distended ; they assume a crescentic or 
arched form, and leave a marked opening between them ; while in 
the latter, they approach each other, and dose the orifice. 

267. The number of stomata varies frcm hfew hundreds to many 
thousands on a surface of one inch square. 
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268. This fact will be best iUnslnted b; referenoQ to the follow- 
ing table : 

stoiuTi. or on uch ndisb. 

XSppti aid*. Dsder tide. 



2,000 2,000 

1,000 40,000 

Grinum unabile 20,000 20,000 

Aloe aB,000 20,000 

Clove-plok SS,600 8S,BO0 

Tttoca 40,000 40,000 

HeieTeon Nona 4,000 

Pteonj KODO 13,000 

Tine None 13,600 

HoDj Non« 6B,S0O 

Cherr7'4tiirel Noae 90,000 

UlM- Few 160,000 

269. StoiD&ta are not nsually fonnd on leaToi always sabmerged ; 
bat in floating leaves the; are restricted to the upper surface ; neither 

Fm. n. Pio. 80. 



CaUde, I17. 
CaUde, Bucos MnleMiu. 

are they ever foand on the upper surface of leaves which have a dense 
sbioing caticle. 

270. In Rusmis aexdeatus ^^ ^^ 
(Butcher's broom, Fig. 1% 
the cells of the cuticle are 
very symmetrical, and the 
stomata (a, a) well seen. 

271. The under cuticle of 
the Ivy (Fig. 80), is distin- 
gaished by the wavy lines, 
which constitnte the outer 
walla of the oaticnlar cells; 

the stomata in this plant (a) CuUcie, whlts uir- 

are well marked, and of large aiie. 

272. In the White I/U}/ (Fig. 81), the cells of the cuticle, and 
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the stonuta, &re both nnasnftlly lai^, and present m very beuidful 
view of this important strnoture. 



LESSON XVI. 



273. Leaves are expansiona of th« bark, deTeloped in a sym- 
metric&l manner, as lateral appendages of the stem, and having a 
connection with the internal part of the asoending axis. They 
graduallj expand in Tarioos wajs, aoqoire vasoular tisane, and ulti- 
mately asaome their permanent form and position on the aiip. They 
may be divided into turial and submerged leaves, the former being 
produced in the air, and the latter under water. 

274. Atrial Itavat, — These leaves conust of vascular tissue in 
the form of vtim, nba, or fwrtwi, of cellular tissue or parenchyma 
filling up the int^rstioes between the veins, and of a cuticular 
oovering. 

275. The vatcviar tysttm of the leaf is continuous with the 
■tern, those vessels which occupy the infernal part of the stem be- 
coming ntpenor, or placed on the upper surtaoe, in the leaf; while 
the more external arc placed on the lower sur&ce. The vascular 

^^ system is well displayed 

in what are called skd«- 
ton leaves, in which the 
cellular part has been 
removed, and the Gbro- 
vascular left. 

276. The vascular 
■ystem of the leaf is dis- 
tributed through the cel- 
lular tissue in the form 
of timpte, or bratuiked 
veins. 

277. The parenchs- 
ma (para, beside or 

on, me on Hit betwccn ; chyma, any 

thing spread ont, a tissue) of the leaf is the cellnUr tissue surround- 
ing the vessel^ and enclosed within the upper and under cuticles. 
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278. It is fonned of two diatinot gerlsa of oelle, eaoh oonttuning 
chlorophylls, or green colored granoleB, bnt differing in their form 
and arrangement. This is best seen b; making a vertical section of 
a leaf and examining it by the miorosoope. One of these layers is 
connected vith the upper snr&ce, and coneiBta of compact oblong 
cells plaoed endwise (Fig. 82, a) ; the other, connected with the lower 
aide, eonusta of loosely aggregated cells, having numerous cavities 
between tbem (&), and, when these oella have an elongated form, 
their long diameter is always parallel with the cuticle. 

279. The cells on the upper side are usually placed close to each 
other, without any space between tbem, except in oases where sto- 
mata occur (s). 

280. The figure (S2) represents a section of a melon leaf, per- 
pendicular to the surface. The upper cuticle is marked c; it shows 
bairs (li) on ibi surface, and two openings of stomata (e). Below the 
upper cuticle are layers of oblong cells (a), with two spaces between 
tbem {/), communicating with stomata. The lower cuticle (g), also 
exhibits hairs and atomata ; and above it are layers of loose cells (b), 
with numerous lacuoEB (openings, h). The vascular bundles mnning 
through the parenchyma are marked i. 

281. In a vertical section of a leaf of the common garden Balsam 
(Bahamina horientii, Fig. 83), we see ^^^ ^ 

the upper cuticle at a; in the section 
from which the drawing was made, al- 
though only one layer of cells thick, 
there are two, and thTM layers of the 
npper and under cuticle. A double 
Bcries of compact, oblong cells, beneath 
the upper cuticle are shown at b, the 
smaller cells, belonging to the central, 
and under portion of the leaf, c ; be- 
tween this layer are two spiral vessels, 
d; the under cuticle, containing nu- 
merous stomata, e. 

282. The green color of leaves is 
wholly due to the chhrophyils (<Ahros, 

green; phyUum, a leaf) contained in Tt.r.rr8mMctioi,.ie.tofB.i«m. 
the oblong and other shaped cells; in this respect these cells bear 
▼ery close analogy to the color-producing or pigment {^paint) cells 
of Uie human family, and other animals. 

288. The dark color of the skin of a negro, or of an Indian, is 
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eolel; due to the secretion of color-oells, or pigment, in a certain 
layer of the skin ; the human hair, and the hair 
of animala, depends for its oolor on a like se- 
cretion within the cells of the pith and cortical 
Bubetanoe ; and the blacky or choroid coat of the 
eye, in man and animals, is solely composed of 
minate cells, filled with infinitesimal particles 
of a blaek paint 

284. It is interesting to ohserre that the 
same law is in operation to give color to the 
leaf of a tree, and the skin, and other parts of 
a man. 

285. It only remains to show the Tasoular 
syHtem of a leaf, and for this purpose the leaf 
of a ekarry tree is selected. Here the stalk 
{petiole) ends in a single mid-rib (Fig. 84, a,a) ; 
this gives off primary veins (6), whicli snbdi- 
ride into seooadary Tcina (c), curving within 
the margin. 



LESSON XTII. 

07 THE BTElfB Of TBKE8. 

286. The anatomical character of the stems of trees must now be 
oonndered. This struoture consists of the elementary tissnes, vari- 
ously combined, and arranged in different waya 

287. In some plants the part which represents the stem is entire- 
ly composed of cells, which take the form of very narrow filaments ; 
they are cither simple or branched, as in some of the fungi and con- 
fervw, or they form an expanded thaUus, of &ond (a term applied to 
the stem of certain plants, where the stalk and leaves are eo inti* 
mately blended that they cannot be separated). lu well formed, 
conspicnons sterna, cellular and vascolar tissue are both present. 

288. Such stems always have as the basis of their structure a 
dense cellular parenchyma, in the midst of which is usnally found 
fibro-vasoular bundles, or fiisoiculi of woody fibres, with ducts of va- 
rious kinds, and generally associated with spiral vessels. 

289. It is in the mode of arrangement of thme bundles, that the 
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important differenoe exists between the plants called Endogenous 
and Exogenous; for in the former, the bundles are dispersed 
throoghoat the whole diameter of the plant, withont any particular 
plan, the interrals being filled by cellular ti^sue. 

290. In the latter they are arranged side by side, so that a hol- 
low cylinder of wood is formed, which includes within it the pith, 
whilst itself is enclosed in another (outer) layer — ^the bark. 

291. But there is yet another and lower form of yegetable life — 
Acrogens ; in these the bundles of vessels are simultaneously pro- 
duced, and the additions to the stem take place at the summit, by 
the union of the bases of the leaves— tree-ferns afford an example. 

292. Thus we have, 

Acrogens (from dkros^ summit; genncein, to produce), or sum- 
mU growers. 

Endogens (from endon, within), or inside growers, 
Exogens {exo, outward), or outside growers, 

293. But other and important distinctions still further define 
these three orders of plants, even in their earliest state. Thus, 
Acrogens have a cellular embryo, which has no cotyledon (Greek for 
seed-lobe) ; or, in other words, has no leafy appendages to the young 
plant ,- they are called therefore Aootyledonous (a, without). Endo* 
gens have an embryo with one cotyledon, and when sprouting send 
np a single seed-leaf; these therefore are called Xonoootyledonous 
(monosy one). Exogens possess two such seed-lobes, or cotyledons, 
and are called Dicotyledonous {dis, two). 

294. GonsequenUy, Acrogens are ^cotyledonous. 

Endogens are Monocotyledonous. 
Exogens are Dycotyledonous. 

295. In all parts of the globe, Exogens are by hr the most nu* 
merous of the Vegetable Kingdom ; the forest trees of the World 
are Exogens, although in warm climates they are found associated 
alike with Endogens and Acrogens, which, in such climates, are 
more abundant, and attain greater size, than in more temperate 
regions. 

296. In its external aspect the A erogenous stem greatly re- 
sembles the Endogens / it is unbranched, usually of small, nearly 
uniform diameter, and produces leaves at its summit (Fig. 85). 

297. The Tree Ferns, which furnish the best example of this 
kind of stem, are met with only in hot climates. 

In India, they present a stem from six inches to eight inches in 
diameter, and attain a height of from fifty to sixty feet 

4 
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The foli&ge, oonnsting of leaves 
^ ten or twelve feet in length, is Blways 

W/ ^tlr f- pTodaoed at the anminit ; and, as the 

Up- stem oontinnes to grow, the leaves 
^B> malce an impresuon on it which be- 
^^ comes permanent, and adds greatly to 
^_ «ira^ ^' ^^ external beanty. 

^Tm K 1 Por the reason above given, this 

^ I ' etera raay be known at a glance ; bat, 

if a doubt exist, it will be immediately 
removed by examining its internal 
Btrnoture, aa seen in transverse sec- 
tion. 

Fie.81 



fiection oTTra* rem, tiKurens. 

298. A transverse section of an 
• acn^nouH stem (Fig. 86), shows a 
circle of vaecnlar tissue oomposed of 
i g masses (o), of various forms and 

"^ t™. f sires, sitoAted near the ciroomfet- 

ence; the centre (b) being either 
boUow or fbnned of oellnlar tissue On the outside of the vas- 
cular Mrcle, cells exist (c), covered by an epidermal layer (a), 
often of hard and dense oonsistenoe, originally formed by the bases 
of the leaves, which remain for a long time attached to the stem. 
The vascular masses (a) are bordered by dark-colored woody fibres 
(/); tJie pale-oolored vessels, generally soalariform, which occupy 
the centres of the vascular masses, are shown at g. The vascnlar 
system is of greater density than the rest bf the tissue, and is nsually 
distinguished by the dark colof of the layer which surroauds the 
paler vessels. 
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LESSON XTIII. 

THE ENDOOEVODB BTEU. 

299. Endogmtous stems hsTe no uparable buk ; no distinct oon- 
oentrio oiroles; the vuoolar cirolee are progreasive uid definite, the 
solidity diminiBhing from the eircnmferwioe to tiiA centre ; no dis- 
tinct pith; no mednllary sheath nor mednDar; nj^s; the oellular 
tiasae being interposed between the vascalar bnndlee. 

SOO. For the fidl development of the Endogen we mnat seek hot 
olimates, — ttiere it is that its peaaliar mode of growth is seen in per- 
fection. The palms and screw pines offer the beet examples ; the 
fbrmer have simple, nnbranohed, oylindrioal stems, attaining to a 
great height, and covered by a large mass of remarkable foliage. 

301. The peculiar stmctnre of thU order of plants, will be best 
seen by reference to the'aooompanying figoree; the first (Fig. S7, A), 



is a transverse, and the second (B), a longjtndinal section of the 
same stem ; the letters In both refer to the like stmctures. 

302. Id ita early state the Endogenous stem oonsists entirely of 
oellular tissue ; but as it increases in age, vascular bnndles are pro- 
duced, and these consist of woody fibre, spiral, dotted, and lactiferons 
vesagla. 

803. The oellular tissue (a, a, a, a) is here seen distributed 
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throughout the Bection ; from the outer layer of it, which represents 
the bark in the Exogen^ to the internal portion which, in the same 
order, would be the pith — ^it is, in &ct, only interrupted by the yas- 
cular bundles. 

804 The dotted yessels are seen at i, ft, i, h; Cj «, «, c, are the 
woody fibres, and d^ d, dy dy the spiral vessels. 

805. From the peculiar mode of growth of the Endogenous stems 
they haye perfect inununity from the effects resulting to Exogenous 
stems, of the parasitic plants which cling to, and dimb around them. 

806. In the Endogenous stem ihe soft part is int&malj whereby 
the outer portion, from its greater density, is enabled to resist the 
pressure of the climber ; but in the Exogenous stem the soft toood is 
extemaiy and consequently yields to the least pressure, and climbing 
plants, therefore, make deep and permanent indentations in the 
latter. 

807. Some Endogenous stems grow with such rapidity, that the 
sudden increase of the outer part occasions a rupture of the central 
cells, and by this means the hollow in the stems of grasses is pro- 
duced. 

808u The vascular bundles, in the Bamboo, cross the stem, and 
form a series of partitions which divide the cane, and give it a jointed 
appearance; between these partitions, however, the central cells have 
been ruptured, in the manner above alluded to. 
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LESSON XIX. 

THE EXOGENOUS STEM. 

809. Like the Endogenous, the Exogenous stem in its earliest 
condition is wholly cdhtlar, 

810. By degrees, and as the plant increases in age, the cellular 
tissue begins to be traversed by vascular bundles, which soon di- 
vide the stem into two marked portions ; one of these forming the 
central pithy or medulla ; and the other forming the cortical bark, 
covered with epidermis. The connection between these two portions 
(pith and bark) is maintained by lines of cellular tissue, called me- 
dvllary rays, which are interposed between the vascular bundles. 

811. The complete structure of mature exogenous stems, which 
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die down tuumslly, oonBiBts ot&emirai cdhdar piih,K tArde ef vat- 
etdar hundUi in t^e form of vedge-shaped msMea, an KeUmal hark, 
with ito mt^omeutaiy oorering, «aA rayt eoniMeiing the pith to the 
iark. 

812. In stems which are not annual, the growUk of the seoond 
year conusts of a new formation o^ TaBcnlar bandies onteide the pr»- 
yionsly fi>rmed layer, between it and the bark. 

813. Between Uie pith and bark also, tiiere are annnsllj finmed 
a layer of active, fermatire cells, called cambium edit, wMoh aro 
oonoemed in the derelopment of new woody fibres. In illnstration a 
transrerae seotion of the maple ^^ g^^ 

(Fig. 88, A) is shown, at the com- | 
menoement of its second year's 
growth ; a longitudinal aeotion of I 
the same plant (B) is combined 
with the former, and the letters of 
rrferenoe apply to the like tissoe, I 
in both sections. j 

814 The layer of spiral vessels 
which BDTTOimd the pith, and con- 
stitnte what is called the medulla- 
ry theath, are seen at a / the me- 
dullary rays pass throagh this 
layer, at different pomts, to the 
bark ; at & are the porous or pitted 
vessels, presenting (in A) large 
roimded <^nings ; c, c, fibres formed of ^iform tubes, the letter to 
the right hand marking the fibres forming the wood of tiie stem, and 
the letter to the left, those which form the cortical fibres of the inner 
bark ; d, cambimn cells, between the wood and bark ; s, «, oortioal 
oella, often of a greenish color, forming a cellular layer of bark ; /, 
outer eellolar layer of bark, composed of oubioal colorless cells, often 
of a eorhjf natore, and hence called auierous ; this cortical layer is 
oorered by the general integument, or epidennis. 

316. Thns, at the oommenoement of the second year's growth, 
there is a distinct formation of oambiom cells, by the action of which 
B new layer of wood and a new layer of fibrous bark is fbrmed, and 
these cambium cells, being in connection with the medullary rays, 
keep np the connection between the medullary and cortical cells. 

316. It is exceedingly interesting and instructive to notjoe the 
changes that take place in the j>ermanent woody stem of the exoge- 
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Dons plant, ifter Hiree yeaw' growtii ; this iB shown in Fig. 89, The 
yearly growth of the woody fibre la marked by the fig^eg I, 2, 3, 
and tlie Bame letters apply to like tissnes in both figures, A being the 
transrerse and B the longitudinal section. The pith, a, a, oonmsting 
of hexagonal oellnlar tissae, h, b, b, pitted or dotted Tessels, and c, c, 
c, woody fibres of BaooewuTe bark ; d, d, spiral reesela of the medullary 
sheath ; », e, layer of cambium cells, between wood and bark ; /, /, 
inner fibrons layer of bark, g, g, oellnlar onvelope, forming middle 
layer of bark ; A, h, outer corky layer of bark; t, t, medullary ray 
whieh, in the transverse section (A) is seen running without interrup- 
tion &om the pith to the bark; but in the logitudinal section (B) it 



ElogeDDiu, or Dlcotfledalioiu wood. 

is mutilated, owing to the sliijht fiexure which usually occurs, and 
which generally prevents as from tracing the ray in an undivided 
strugfat line, when the stem is cut longitudinally. 

817. Thus it will be found that the tissues have been produced in 
the following Cffder : first year the pith, suriounded by spiral vessels, 
or medullary sheath, outside of which are the pitted vessels and 
fibrons tissue of the first year's growth. 

318. In the second year, the pitted vessels snoceed to tbo woody 
fibrous tissue of the first year, and these vessels are followed by the 
deposition of woody fibre, forming the second annual layer. 

819. The third year commences with the formation of pitted ves- 
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sels, BQCoeeded by woody fibre, as before ; but now the bark must be 
formed : it has existed abready twice before ; bat, when no longer re- 
quired as such, its structure has become transformed into the woody 
fibrous tissue — ^in many Exogens, however, its elements remain 
permanently. 

320. To the woody fibres, cambiiun cMs succeed, then, the inner 
fibrous layer of the bark ; next, the cellular envelope, which forms 
the middle layer of the bark; and, lastly, the outer corky layer, cov- 
ered with epidermis. 

321. It is only necessary, now, to describe briefly the oharacteris* 
tics of these tissues severally, by way of recapitulatbn, and first* 
lyof— 

322. TIm wood, — The layers of wood are formed outside the me- 
dullary sheath, or the vascular sone which surrounds the pith. 

323. They consist of woody fibres, mixed with doited ductsj oc- 
casionally mixed with annular, reticulated, and spiral vessels. In the 
youDg state the tubes of the woody tissue are pervious, but by de- 
grees they fill up by the deposit of lignine within them. 

324. In old, exogenous .trees, the central wood is hard and dura« 
ble, constituting the Heart-tooodj while the external layer is soft, and 
forms the Albemum or Sap-wood. 

325. The ligneous matter forming the heart-wood of some trees, 
acquires color; thus it is black in the Ebony , brown in the Black 
Walnut, yellow in the Barberry and Judas-tree, purple in the Bed 
Cedar, and green in the Ghuiiac tree, 

326. The proportions between the heart-wood and alburnum dif- 
fer greatly In different trees ; those, however, in which the hard wood 
predominates are best suited for building, and better adapted to with-^ 
stand the attacks of insects, or the wet or dry rot. 

327. The durability of wood depends on the nature of the lignine, 
and this greatly varies in different trees. 



••♦•- 



LESSON XX. 

THE BEMAINXNG TISBXTES. 

328. The Medullary Bays, — These consist of flattened, cellular 
tissue, having the appearance of bricks in a waU ; in the young stem 
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these rajB are large, bat in the more advanoed woody steniy they ap- 
pear as lines only. This tissue oonstitutes the " silver grain " of ma- 
ple, and other trees, when out in the direction from the pith to the 
bark. 

329. They do not proceed in a continaous line, however, from the 
top to the bottom of the tree, bat pass through the woody fibres in 
such a way as to be interrupted in their course. 

830. The medullary rays in some plants {Clematis) are large and 
broad, while the woody wedges are comparatively small ; in most exo- 
genous plants these rays are complete, but in the CorJa-oaky and 
others, they only extend partially through the stem. 

331. Cambium Layer. — This layer is found between the wood 
and the bark, and has been originally connected with both. 

332. It is composed of a layer of nucleated cells, formed in a 
mucilaginous fluid called Cambium, and they are concerned in the 
formation of the woody tubes of the inner bark, and in the addi- 
tions made to the cells of the medullary rays. 

333. In the Spring of the year, during the flow of the sap, these 
cells are actively engaged in the process of growth, at which time the 
bark may be easily separated from the wood. 

334. The Bark. — Originally this tissue is composed of uniform 
cellular tissue, resembling that of the central part of the stem; trans- 
formations take place, however, in the progress of growth, by which 
fusiform (spindle shaped) tubes are formed in the inner portion of 
the bark next to the woody circle. 

335. This portion is called the inner bark ; it consists of woody 
fibre, and some lactiferous vessels ; it is the fibrous part of the bark, 
and is frequently called Bass, or Bast tissue. 

336. These fibres are long and tenacious, and are employed ex- 
tensively for economic purposes; those of the Lime-tree, Hemp, 
Nettle, and Daphne eannabina, are employed for different articles 
of usefrd manufiicture. 

337. Sometimes the fibres separate, so as to form meshes, as in 
the Lace-bark tree ; at other times they form a continuous layer, as 
in the Horse^hesimet. 

338. The most remarkable fi&ct in connection with woody fibre, 
is its imiwmity from decay ; worn to rags, in an apparent state of 
thorough disintegration as Unen, it is doomed again to meet our gaze 
in a new form as paper. 

339. The value and importance of woody fibre, as applied to do- 
mestic manufietotures, cannot be overrated, and appears to have been 
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known at a very early period of the world's history; thus we find 
that the ancient Egyptians were as well acquainted with the value 
and importanoe of flax, as employed in the construction of linen, as 
we are. 

840. They used it expressly for this purpose, to the exclusion of 
every other vegetable tissue ; the mummy-cloth, in which the bodies 
of the dead were enrolled, and of which such amazing quantities were 
used, no leas for the mummified remains of cats, the Ibis, bullocks' 
heads, &c., than for the needs of poor humanity, was composed en- 
tirely of fiaa. If the deceased person chanced to be a King, or a 
Priestess (probably, also, any very distinguished person), a layer of 
beautifully ^^jme linen " was placed next to the body. 

841. Belzoni, the celebrated Egyptian traveller, brought to Eng- 
land, and placed in the British Museum, the Sarcophagus, containing 
the body of a King, exhumed from the tomb of the ancient Kings of 
Thebes. The Sarcophagus was in the last stage of decay, but the 
vegetable papyrus, which recorded the rank of iiie deceased, and the 
date of his demise, together with the several layers of mummy cloth, 
were as perfect as though made yesterday I And yet this body had 
Iain in the tomb upwards of five thousand years ! 

842. But a still older mummy may be seen in the Muesum of the 
Vatican at Rome ; the individual is admitted to have lived contem- 
poraneously with the Patriarch Abraham — ^yet the mummy cloth is 
by no means decayed I 

343. These fiicts are well known to persons possessing Micro- 
scopes, and curious in such matters, who have had no difficulty in pro- 
curing specimens for examination.* We have seen that the layer 
placed next to the body was of fine texture, and free from bitumen ; 
the layer which succeeded this was somewhat coarser, and imbued 
with bitumen (mineral pitch) slightly. Of tha remaining layers, 
each one was coarser than that which preceded it, till the outer layer 
was remarkably coarse, strong, and close in texture. The bitumen 
increased with the coarseness of the cloth, so that the outer layers 
were perfectly saturated with it. 

844. If the Egyptians constructed their mummy cloth of flaxy 
the ancient Peruvians, who also embalmed their dead, invariably em- 
ployed cotton for this purpose, and the only mode of didcriminatiDg 
between Peruvian and Egyptian mummy cloth, is by submitting them 
to the Microscope. 

* The rathor hat many soeh examples In his possessioii, nmgliig from i,000 to O^OOO 
jearsold. 
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345. The woody fibre of fiaz and hemp is chiefly employed by us 
for economic purposes ; in the Philippine Islands the fibre from the 
leaves of a pbdntain is used ; in Mexico the leaves of some wild 
species of pine-apple furnish a similar substance ; an aidless variety 
of plants are used for cordage, for almost every country applies its 
own plants to this purpose. 

346. Our obligations to woody fibre are infinite ; without its aid 
we might forego the luxury of a shirt to our back, sails and cordage 
for our ships, or a door-mat upon which to clean our shoes ; without 
its assistance this book could not have had existence, for the paper 
upon which it is printed, and the wood upon which the engravings 
have been made, are— woody fibre. 



PART II- 
ANIMAL PHYSIOLOGY. 



LESSON XXI. 

THE ORIGINAL COMPOUNDS OP THE ANIUAL BODY. 

347. The egg of an Oviporous (egg-laying) animal, is found to 
consist of two parts — ^the yelk, and the white, as it is called. The 
yelk is incapable of forming a tissue, and is destined to be entirely 
converted, by the process of incubation, into cells. The white is 
known to chemists by another name, that of albumen, and this is 
found to be the most universal and important constituent of organ- 
ized beings. 

348. Albumen, through the aid of a series of chemical and vital 
processes, becomes nervBj muade^ tendon, Ugamenty membrane, 
areolar iissttey homy substance, feathers, the animal portion of 
boney itc, 

349. These remarkable changes are not confined to the embryo, 
or the young condition of an animal, for, on the contrary, they are 
constantly taking place through all the phases of adult life. By the 
wonderful chemistry of digestion, all substances of similar compo- 
sition are reduced to albumen, which forms an essential part of the 
fluids absorbed for the nourishment of the tissues. 

350.. When Oelatine (calves-foot jelly) is consumed as food, there 
IS little doubt that it becomes associated with the general circulation, 
but the doctrine of Chemical affinity appears to prevail in the organ- 
ization of tissues — ^like joins like — so that on this principle the 
gelatine goes to where it belongs — to the gelatinous tissues — ^the 
hones and teeth. 
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361. Nerves, muscles, ligaments, tendons, are nci gelatinous; 
this element forms no part of their structure, and consequently the 
capillaries belonging to these tissues respectively, refuse to recognise 
its presence, and pass it on. 

352. Albumen exists in a soluble state in animal fluids ; it may 
be easily dissolved in water, when it forms a glairy, colorless, and 
almost tasteless fluid. In this state, however, it is always found 
combined with a minute quantity of free Soda ; hence it is supposed 
that pure Albumen is insohible in vxxter^ and requires the assistance of 
an alkali. Whether in its soluble or insoluble state, albumen always 
contains a small portion of sti^Ai/r, which blackens silver ; for this 
reason a silver spoon is made black at the break&st table, when eggs 
are present, and to avoid thb contingency many persons prefer to use 
a bone, or ivory spoon, with eggs. 

353. Albumen shows no disposition to become oiganized, or to 
form tissues ; but after its introduction into the body of a living 
animal, it changes into another compound, having new and peculiar 
properties, called Fibrine, 

354. According to the analysis of Dumas, the ultimate compo- 
sition of Fibrine, and Albumen, shows that the former contains less 
Carbon, and more Nitrogen, than the latter ; the chemical compo- 
sition of these elements does not appear to be of much account, as 
the transformation of Albumen into Fibrine is much more a vital 
than a chemical process. 

355. Like Albumen, Fibrine may exist in a soluble, or in a co- 
agulated state ; but it is only found soluble in living animal fluids, 
as the Chyle, Lymph, and Blood. When withdrawn from the blood- 
vessels, the Blood soon coagulates, as do also the Chyle and Lymph ; 
this coagulation is due to a change in the condition of the Fibrine, 
the particles of which have a tendency to aggregation in a definite 
and peculiar manner. This process is called JS)r%ilat%on^ which 
seems to be allied to crystallization. 

356. A single fact will suffice to show the close chemical relation 
subsisting between Albumen and Fibrine, that frem both of these (no 
less than from many vegetable substances used for food) a similar 
substance may be obtained by a simple process. 

357. If boiled Albumen be dissolved in a weak solution of caus- 
tic alkali, and the liquid be neutralized by an acid, a precipitate falls 
down in grayish white flocks ; this being collected and washed, is 
gelatinous, of a grayish color, and semi-transparent ; and when dried, 
it is yellowish, hard, easily pulverized, tasteless, insoluble in water 
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and alcohol, and deoomposes by heat without fosing : this sabfitanoe 
has been called Frat&iney from an idea that it is the first and funda- 
mental principle of which Albumen, Fibrine, A/C, are but modifica- 
tions. It contains the same proportions of Carbon, Hydrogen, Oxy- 
gen^ and Nitrogen, as Albumen and Fibrine; but it is destitute of 
Sulphur and Phosphorus; Liebig, however, doubts the latter as- 
sertion. 

858. Albumen shows no tendency to coagulate, except by the aid 
of chemical influences, and its coagulum is deroid of structure. 
Fibrine exhibits a constant tendency to fi>rm solid tissues, and it 
appears only to be kept in check by the operation of influences not 
understood. It is highly probable that the production of tumors, 
and morbid growths, in the interior of the body, no less than upon 
its external surface, owe their origin to the persevering tendency of 
Fibrine to form tissues ; exhibited at a period when the law (what- 
ever it may be) that should govern it, is in abeyance. Certain it is 
that a great number of adventitious (accidental, extrinsic) growths 
when microscopically examined, consist only of fibriUettedJlbrine. 

859. The conversion of Albumen into Fibrine may be regarded 
as the first great sUp in ihe process of nutrition ; the mode by 
which the varied materials used for food, are made to form a part of 
the tissues of the living body. 

860. Fibrine first makes its appearance in the Chyle-— the fluid 
found in the Lacteals {lada, milk) ; ChyU is the immediate product 
of digestion, and will be more fully explained hereafter. 

861. The proportion of Fibrine in the blood, as indicated by the 
firmness of its coagulum, is much greater than that contained in the 
Chyle, and in certain conditions of the blood, resulting from disease, 
the proportion of flbrine is increased to twice, thrice, or even four 
times its usual amount 

362. In the process by which injuries to parts are repaired, there 
is an exudation of fibrine ; thb is said to form plastic, or coagulable 
lymph. 

868. In exudation, the liquor sanguinis (fluid portion of the 
blood) is alone poured out, and this fluid holds the fibrine in solu- 
tion ; the solid portion (red corpuscles) takes no share in this process 
of reparation. 

864. When describing the latsx in plants, a comparison was in- 
stituted between its properties and the properties of the blood in ani- 
mals, particularly in relation to its ability to form tissues by a process 
of coagulation. 
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It WM to thifl pRrtioolar principle of exadkdon of tiie plutio 
lymph, vherebj a new tiasne may be formed vithoat the agency of 
development by oells, that the oompariaon vaa iotended to ftpplj- 

866. Examined by the microecope, it will be seen that die nsoal 
mode by whioh tissaes are oonatructed out of flbrine, oonusts ia a 
tissue of densely matted fibres, which cross each other in every pos- 
sible direction ; this can be w^ seen in the Orattamentum, or olot 
(the solid, colored portion) of hnman blood, or of the blood of any 
other animaL The dot shonld be hardened by boiling, sad thin 
slices of it made with a sharp raior ; the fibres (fibrillated) of fibriue 
will be clearly seen, and in their meshes, or interatioes, the red cor- 
puscles. The arrangement, however, of the fibrine is still better seen 
in the Bufy coat, or fluid portion of the blood which arises above 
the surface of the oloL 

866. This mode of tissue forming is not limited to t^e prooess of 
repair ; there are certain distinct tissnee in the Animal Kingdom, 
always, and alone formed on this principle. 

If the Hen's egg be boiled moderately bard, the white will dis- 
play a tough, semi-transparent membrane in which-it is enclosed, and 
which separates it from the shell : it is called Membrana putaminit. 
307. If this membrane be macerated in water for a few days, it 
may then be separated into layers — many of which will be found to 
enter into its oomposition ; — examine one layer by the microscope, 
and an appearance will present itself like 
"" Fig. 90. Now drop a piece of the shell 

into Acetic Acid, which will quickly re- 
move the Carbonate of lime, with which 
(be animal membrane has been consoli- 
dated ; examine this membrane with the 
microscope, and it will then appear that 
the animal basis of the egg ehell is a sim- 
„ . , , pie matted tissae of fibrillated fibrine, 

offering its meehes as receptacles for the 
deposition of tbe mineral matter. 

Here, then, is an animal membrane destitute of blood-vessels, 
and wholly fonned by the consolidation of Fibriuone elements. 

868. Wounds that are said to heal (in surgical language) by " the 
first intention," are really knit together by the plasticity of the oo- 
agalable lymph, as the liquor Bangninis of the blood b called ; in 
other words, lymph is thrown out &om each lip of the wound, and 
extending across to, and joining the other lip, the lymph JibrillatM 
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(forms fibres), by which process the Ups (say a out finger) are brought 
together, and permanently laced by the newly formed fibres. In 
this operation lymph is thrown oat in excess, and the portion of it 
that cannot be used, dries np, by exposare to the atmosphere, and is 
invariably of a yellowish color — ^nerer redr— thereby showing the 
absence of the red corpuscles in this process. 
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LESSON XXII, 

OF CELLS, MRMBRANE, AND FIBRE. 

869. The history of the yegetable cell has already been given ; 
the history of the animal cell is in every respect precisely similar. 
So perfectly identical is the cellular tissue of a plant, and an animal 
oeUular tissue, that the microscope fails to detect a point of differ- 
* ence ; when, too, we consider the number of diverse animal tissues 
having a cell-structure for their basis, this fact is not a little remark- 
able. 

Still, there are important differences between them, which the 
Chemist can detect, although the microscope in this respect is 
powerless. 

370. We have seen that the cell-w^ll of a plant is composed of 
cellulote ; the animal cell- wall is equally transparent, and possesses 
all the other microscopical characteristics, but it is chemically differ- 
ent ; every animal cell-wall is solely composed of an animal element, 
namely, Prcieine. 

371. Great difference exists in the contents of animal cells ; thus 
the cells which float in the Chyle^ the Lymph, and the Bloody the 
latter devoid of color, have no single nucleus, but a variable number 
of scattered particles in the nature of nucleoli (little nuclei), each of 
which obtains an independent existence by the bursting or absorption 
of the cell-wall : here, again, is a vegetable parallelism. 

372. The liberated nucleoli float in the fluid, tiU they, in their 
turn, mature into perfect cells. 

In animal, as in vegetable cells, the nucleus appears to be the 
all-important portion of it; the membrane appears to have little 
dse to do than simply containing and isolating it. 

873. In many animal fissues the multiplicartion of the cells can 
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be distinctly traced to the Bpontaoeoiu diviaon of the nnslscfl, w in 
plants. 

874. A good example of this &ot is met with in the develop- 
ment of Cartilage ; if we ezamiiM young 
Cartilage (or the Cartilage of yoimg 
animals), where the tissne is in a state 
of active fonoation, gronps of cells will 
be fooud, the naolens sometimes entire, 
sometimes jost divided, and other ex- 
amples in which division and sBbdivisioa 
(into fonr parts) have taken place (Fig. 
91) ; the primary cells (a) contain an 
entire nnolens ; the seoondary cells (i) 
c<>phiiio«ittL«e,T^poi.. show the division into foor nucleoli, 
while the remainder of the cells sim- 
ply demonstrate division. 



smFLH nsKore tisbubs. 

375. All animals posseea a very laige amomit of what has been 
improperly called CtUtdar tiatUM ; this term is now reetricted, how- 
ever, to those tissues which are found to oonsist of a oongeriee of 
cells, and the word Areolar has been proposed (and adopted) in place 
of Cellnlar tiBBa& 

Examined by the microscope this tissue is found to consist of a 
net-work of miuate fibres and bands, interwoven in every postdhle 
direction, leaving innumerable interspaces oommnmoating with each 
other. When a batcher kills a calf, he makes a Hmall hole in the 
skin, applies his mouth, and blows into it ; by this means he distends 
the whole body, becanse he has inflated the areolar tissue. If the 
human body, the body of a dog, or of any other animal, be allowed to 
remun in the water alter dealli, gas is generated as the result of in- 
cipient decomposition ; it fills the meshes of the areolar tissue, and 
distends the body enormously ; as a consequence of its great buoy- 
ancy it is enabled to float on the sur&ce of the water. 

S76. The fibres which enter into the composition of Areolar tis- 
sue, designate two other distinct tissues, L e., the whiU fbrous and 
the ytllotojibrout tisauM; both of these have an independent exist- 
ence, however, in other parts of the tx>dy. 

877. Thns the white fibrone tissue exists alone in Ligaments, 
Tendons, Fibrous Membranes, &c, where it presents precisely the 
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wme chanoters u when it is found aasodated with the yellow ele- 
ment to form areolar tiwoe. 

The yellow fibrooB tissne exists eeparatelj in the middle ooat 
of the arteries, th« Cbordn vooales (towI oorde), the Ligtunentom 
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nnohsB (or Bospensory ligament, which enpports the head), of qn&d- 

ST8. The white, called also the inelastic fibrons tisane, consists 
of bands (Fig. 92) which run parallel with each other, snd ferm a 
aeries of wavy lines ; they appear to be composed of a nnmber of 

T\g.K. 
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oomponent fibres ; it is not so, however, since no manipulation can 
Bsooeed in separating them. Areolar tissue from many parts of the 
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body IB found to be oomposed of tbe tvo elemoDta ; tiuA it to ny, 
of the white and yellow fibroos dasues. If the mreoUr, or cellnUr 
tissue, beneath the pectoralis nmjor mosole {luge mosole of die 
chest) be examined, miorosoopioally, theae etementa will be seen u 
olearly u In the subjoined fignre (Fig. 93) obtained &uin this sitoft- 
tion ; a shows the white and b the yellow fibroos tissoe. 

j^ ^ S79. The yellow, or elastio fibie, exists as 

long, branched filaments, witii a dark bwder, 
and always enrling when not pnt on the stretch 
(Fig. 94). 

880. This dssae is seen in great perfection 
in the strong Ligawunium nuchce of the Ox 
(Fig. 95), and its tendency to onrl at the ends is 
veU mu 
e is shown at Fig. 96. 



LESSON XXIII. 

smnx CSLIA njOAnsa m ashul rLuin, 

S81. If tlie hnman blood be examined by the Microscope, <»-, 
still better, the oironlation of the blood in the web of the Frog's foot, 
a great nnmbOT of distinct bodies, or cells, will be seen floating in an 
inTisible fluid. The cells are the red oorpnsoles, characteristic of the 
blood in all the red-blood«d animals ; the flnid in whioh they flcat is 
Uie liquor Bsngainis. 

882. The red oorpneoles have been called " globules " — an im- 
proper name beoaoae nntme. Their figure differs in varioaa animals, 
bnt they are not globular in any. In man, and the mammalia, tiiey 
are flattened discs, slightly concave on both sides; in all the Ovipa- 
rons (egg-bearing) vertebrata, they are oval, and of much greater sise 
than in the Tim.mmii. lfl, or man. 

883. That the corpuscles are rery elastio is proved by the alter- 
ation of figure whioh they undergo in pas^ng through narrow capil' 
laiy blood-vessels, particularly when passing the bent, or rounded 
part of the vessel ; as soon as they have more room, they instantly 
recover their original figure. 

884. The size of the corpuscles not only greatly differs in various 
animals, bnt even in the same individual — some being met ^th as 
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maoh as a third l»ig6T or smaller than the average. The atse of 
the animal offers no oriterion for the sise of the hlood oorptucle, al- 
thongh it is tnie that they are largest in the elephant of all the mam- 
malia, he being, at the same time, the largest mammal ; but the pigmy 
mouse tribe (Fig. 107) posseeaea corpuscles manj times larger than 
thoee of the musk deer (Moiehua Javanieut). 

885. Hnoh oontroversy has existed amongst mioroeoopists as to 
whether the hmnan blood discs contain a naclens or not Reasooing 
^om analogy they ooght to poBsess a nncleus, and many obserrers 
have a firm oonviotion that they can plainly detect it. In all Uie 
Ovipara it certainly exists, and oan be rendered apparent by dissolv- 
ing the external envelope and setting the nnolens free. A represen- 
tation of the oorpnacles of hnman blood is given (Fig. 97) ; the 
preparation from which the drawing was made j,^ ^ 

is dry, and it can be placed in foons, so as to 
show a very distinct, red colored nnolens (a). 
Thoee who deny the presence of a nnolens, at- 
tribute the effect of color to refraction. 

886. The membrane whioh forms the cell- 
wall of the corpuscle is readily permeable by 
fluids, and under their influence ita form is 

CMily altered ; treated with water, the liqoid ^™" ^^ Co^p-^* 
readily passes into the cell ; firstly the disc becomes fiat, then double 
convex, so that all trace of the nucleated spot is lost ; afterwards it 
becomes globular, and in the end it bnrstsp-the oontents (whatever 
they may be) escaping. Bat if treated with a thick syrup, or albu- 
men in solution, their oontents will pass out, and the oell-wall assume 
a shrivelled appearance ; the first effect of this treatment is to increase 
the concavity, and render the central spot more conspicuous. 

387. It has been stated that the use of the human red corpuscle 
varies, and according to aocnrate measurements it appears to range 
from the l-4,000th to the 1.2,800th of an inch ; probably the aver- 
age is about the l-3,200tL 

38S. When inflammatory action exists, the red oorpnscles have a 
great tendency to aggregate and form roulmu (6, Fig. 97) ; this 
condition is so certain that frequently when fingers have been pricked 
to show the blood obttuned, to a party of assembled guests, one of 
them has thns demonstrated the presence of slight iufiammatory 
action. 

389. From a aeries of experiments made upon the frog's blood, 
the oorpnsolee of whioh are shown in Fig. 98, it appears that the nu- 
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P„ ^ olena oonsists wholly erf* Fibrine ; tlia blood of a 

ftog was plsoed upon a slip of glaw, and sli^tly 
dilated with water ; in due time the oell membraiie 
diwolTed, and liberated the nadeL Theie mun- 
tained their integrity ibr a time, but in the end be- 
gan, inseDsibly, to diBsolre. They firstly beosme 
completely Bpherlcal, and shortly afterwards, the 
''""'""Fro^^'''''*' Sphere simultaneously diminisbiug, and the water 
eT&porating, a number of radii suddenly shot out 
from all that remained of the nnolei, and this process oontiuoed un- 
til the water had completely evaporated. The dried preparation be- 
ing examined, disclosed fibrillation of fibrine emanating from the 
nuclei reepeotiTely ^ but the water being insuffiment to complete 
tlieir entire resolution, portions of the majority of the nuclei re- 
I, and are still peruuuwtt (Fig. 99). This experiment was re- 
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peated sereral times, with the like anifi>rm results, and six prepara- 
tions exist to confirm these facts. In every instance the etll-ioatl ap- 
peared to dissolve entirely, and exhibited no tendency to fili^illate ; 
moreover, the fibres of fibrine are, in every instance, distinctly seen 
emanating from all that remains of the nuclei 

890. The same e^ieriment was made on the blood of a Locust, 
with precisely the like results (Fig. 
^ ™- 100). Here some «f the blood cor- 

puscles are (comparatively) large (a), 
while others are minnto (i) ; fitt or oil 
globules are also seen at c So great 
is the disposition fbr blood to fibrillat« 
when drawn from the body, that the 
Hood TOMiMa^ Frog, „^c1m of the frog's blood very fro- 

qnently throws out fibres of fibrine, within the cell-wall, as illostiated 
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in Fig. 101. Thifl iUtutration has been magnified with an 
eighth ohject glass, to give greater siie and distinctnees to the figon. 
The nuclei (a) will be dearly seen within the oells, and the fibres 
of fibriue range from firar to seven in nnmber ; in every instance they 
can be seen to be polled out, as it were, #om tiie nnolei. This has 
been seen b^iwe by Prof. Owen, but mlKnterpreted (if the above 
&ctB be true) ; the Profeeaor believed that the lines iudiosted a pnok- 
ering of the oell-walL 

391. If these observations oan be depended on, and they require 
oonfirmation by auothOT experimenter, there Mems to be great 
reason to believe that the human oorpnsole oonuiinB a nnoleos, and 
that its element is ehiefly fibrine. That the fibres of fibrine, in the 
experiments allnded to, reaUy arose from the nnolei, and not from 
the colorless oorpnsolee, ia rendered oertain by the fact that all Uutt 
nraains of them retains the red oolor distinotly ; the nnolei, as will 
be seen by reference to the figure, are of all siaea— some moderately 
large, others qnite minnt& 

About an hour after a mosquito had made a meal, it was killed, 
and the bomao blood contained in its crop and Bt<Hnaoh examined by 
the microscope. The nuelei (real or iqiparent) had disappeared, 
leaving only a funt ring (Fig. 102) to mark ite place. 

Another mosquito was y,^ ^ ,„,« 

killed three or fonr hours after g 
a meal; in tJtis instance, nei- I 
ther nuclei nor rings oonld be I 
discovered (Fig. 103) ; bat in I 
both instaacee the oorpusoles ' 
retained their full size— «ppa- ™^ 
rently uninjured by the action of tlie digestive process. These ex- 
periments were repeated several times, with the same uniform resnlts, 
and the preparations exist to confirm the accuracy of the experiments. 

The inference appears to be that the human blood corpuscle does 
ctmtain a nucleus ; that its stmcture differs from that of the cell- 
wall, and that it is &r more aooessible to Ae action of the saliva and 
the gastric juice than the latter, which remains intact long a&er tho 
former has disappeared. 

892. The shape of the human blood corpuscle is ^sooidal ; so too 
in the mammalia; in the birds, reptiles, and fishes, it attains much 
greater sise, and is more or less oval or eblong in shape, as may be 
seen in the blood of tlie common fowl (Fig. 104). It has been said 
that the ostrich posHeeses the largest red corpuscle of all the warm- 
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blooded animals ; but the sabjoined figure of ibe ostrich blood (Fi|^ 

105), aoGorately oopied from ihe preparation, 
and carefdUy drawn to scale, tends to disprove 
this assertion, as the corpuscles of the fowl, 
bothtpreparations being examined by a fourth 
object glass, are certainly larger. 

If the ostrich has borne the reputation of 
possessing the largest, there can be no doubt 
that the beautiful little Musk Deer possesses 
the smallest blood corpuscles of all the warm- 
blooded animals. 

Magnified by a fourth object glass, they are 
but infinitesimid specks (Fig. 106); for com- 
parison, the blood of the mouse is shown (Fig. 107). 

398. In addition to the red corpuscle, all the yertebrate animals 
possess also a colorless corpuscle (Fig. 108), which is uniformly 
round, and possesses a variable number of granular bodies, or 
nucleoli. 

These bodies may be seen (in the frog's foot) in the same vessels 
with the red corpuscles; they are very sluggish, apparently possess- 
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ing greater specific gravity than the red corpuscles; they cling to 
the sides of the vessels, and only move when struck against by the 
red corpuscles. Occasionally it happens that a red corpuscle strikes 
a colorless one up into the general current of the circulation, where 
it circulates for a longer period than usual ; but as soon as the im- 
petus of the blow begins to fidl, it drops out (apparently by its own 
weight), and once more clings to the sides of the vessel 

394. The origin of the colorless corpuscle appears to be the fol- 
lowing : the liquor sanguinis receives constant fresh accessions of 
albumen and fibrine, the result of the digestion of the food. This 
has a tendency to alter the dpeoific gravity of thai fluid (liq. san- 
guinis) : if this were to take place, and the density of the fluid be- 
come too great, the blood corpuscles (red) would scarcely be able to 
move ; but if, on the other hand, it became too light, the red corpus- 
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des would flow at a rapid rate, and omulate ferer. These oonditioDB 
of the blood really oooor under the influence of disease; in a state 
of health it appears to be imperative that the liquor sanguinis main- 
tain a certain specific grayi^, but still the weighty elements pour in ! 
What is now to be done f 

To relieye this state of thmgs it seems probable that the excess 
of albumen and fibrine is rolled up, in the solid form, to get it out 
of the way, and thus the speciflo gravity of the fluid is maintained. 

895. The observations, particularly of Mr. Paget, lead to the 
conclusion that these colorless corpusclea gradually change into the 
red corpuscles, and if this theory be cozreet, the whole phenomena 
of their development is remarkably simple and beautiful. Firstly, 
the colorless corpuscle, formed out of the excess of the materials 
held in solution in the liquor sanguinis, takes on the solid form,, 
in which it is no longer soluble; and secondly, the series of gradual 
changes by which it becomes transformed, with new characteristics, 
into the red corpuscle. Mr. Paget's observations regarding the 
origin of the red corpuscle, confirm the experiments on the frog's 
blood, in regard to the fibrinouff character of the nucleus, and offer an 
additional reason for believing that this body should and does exist 
in human blood. 

396. The colorless corpuscles appear to possess great power to 
rq>air injuries. If the web of the frog's foot be artificially inflamed 
under the microscope, the colorless corpuscles will be seen to rush in 
considerable quantity fit>m all adji^cent parts, to the seat of injury, 
and there they remain till the disease disappear* 

If a boil, or other inflamed surface in ihe human subject, be 
pricked with a needle, and the fluid thus procured be examined with 
a microscope, it will appear to be almost composed of the colorless 
corpuscles, thus demonstrating their activity to cure disease. 
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LESSON XXIV. 

CSLL8 DEYSLOPED UPON FBEE SUBTACES OF THE BODT. 

397. A great difference exists between the cells forming the ex- 
ternal surface of the body. Epidermis (epi, upon; derma^ skin), 
or the cellular covering of the external surface; and the EpUhdium^ 
or the cellular covering of .the internal mucous membrane. 
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^*^*^^ 398. The EpidenniB oosBists of several kyers, pro- 

duced by and formiiig the external sur&oe of the cuti- 
cle ; the external one being a series pf homy, trans- 
parent, flattened, soale-like cells (Fig. 109), the lover 
layers of this tissue possess the true cellular character. 
^*OTi<toSS?" "^^^ ^^^ layers are continually being exfoliated, or 

thrown off, and are as constantly being reproduced 
below. The preservation of a healthy skin demands the removal of 
the entire epidermic layer, by frequent ablution, always accompanied 
by the liberal use of that valuable detergent — soap. 

899. For the strict purposes of health, neither a plunge nor 
shower bath is necessary — ^the latter is even obnoxious to some tem- 
peraments : the most comfortable and healthful form of bath is at 
the same time the most facile — a sponge bath— expedition in its use 
being the most important element. 

The bath itself should never exceed five minutes; the rubbing 
dry (the most essential part of the process) occupying another five 
minutes or more — ^an amount of time that every one can afford at the 
beginning of the day. This bath should be taken immediately on 
rising in the morning, as at such time reaction is greater and quicker 
than at any other period of the twenty-four hours. 

It is very necessary to attend to the temperature of the water, 
and of the room in which the bath is taken. During hot summer 
-weather, water may be used at the ordinary temperature of the at- 
mosphere, the room indicating not less than 70^ Fahrenheit. But at a 
less external heat than 70° the water should be warm, or at least tepid. 

400. A sudden cold chill on the surface of the body is prejudicial 
to health ; it checks the circulation of the blood to the external sur- 
fiu>e, interferes with the secretions, and particularly arrests the excre- 
ting power of the skin. 

40L It is a popular belief with mothers, that washing young 
children daily, in cold water, makes them hardy. This is a grave 
mistake ; the feeble circulation of a child requires the aid and assist- 
ance of warmth — ^warm water and warm clothing. The greatest 
medical man who ever lived — ^John Hunter — ^recommended three 
rules for the management of children, and they express the substance 
of a volume ; he says, ^^ give them plenty of milk, plenty of sleep, 
and plenty of flannel." 

402. In this changeable climate, children and females are too 
thinly clad, and the great mortality amongst females is mainly due to 
this cause; they are so much exposed to external influences that they 
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are tumble to Tnaawtain a Boffioient degree of vital heat, hence, all 
their iimotioiiB are indifferently performed; they sicken and die. 
Many females, of all ages, and even in the depth of winter, coyer the 
npper part of the body with but two garments, whilst the hips are 
covered with an exoess of clothing. Now it happens that the chest 
and body, which are nndothed, contain all the important organs of 
life, and special care should be taken to preserve them. 

403. European women, remarkable for their robust health, all 
wear corsets, the substance of which, in addition to other appliances 
(stay-bones), gives alike great support and warmth to the body. More- 
over, they greatly improve the figure, and render the set and fit of a 
dress perfect. It seems a pity that because a few silly, thoughtless 
girls would persist in destroying themselves by tight lacing, that such 
a very useful and necessary garment should be discarded. The prac- 
tice of wearing so many clothes upon the hips is highly reprehensible, 
as it originates disease of a serious and distressful character. 

404 If it be deemed essential to protect the lower portion of the 
body with such a great accumulation of dress, each garment ought to 
be suspended from the shoulders by means of straps, unless a corset 
be worn; but if a corset be not employed, it would be preferable, 
on the score of health, to provide each article with a body ; in either 
case the weight would be removed from the hips. 

405. After bathing a child and wiping its body quite dry, fric- 
tion all over the surface, and especially of the limbs and down the 
spine, with the palm of the hand, in the nature of good, brisk, quick 
rubbing, should be practised till the surface be red— -indicative of 
reaction ; after tins envelope the body in flannel. 

406. For adults to bathe after a meal, or after fifttiguing exercise, 
IB eminently dangerous. Three fatal cases were recorded by the New 
York papers, all occurring within a year, from this sole cause ; the 
first was the death of an American lady of refinement and position, 
from taking a bath soon after dinner ; of Sergeant Hume, while alone 
in a warm bath, and of Lorenzo Shepherd, of New York, under pre- 
cisely similar circumstances. 

407. Those persons who do not happen to possess a sponge, may re- 
sort to the following plan with great advantage : as soon as you get out 
of bed in the morning, wash your hands, &oe, and neck; then, in the 
same basin of water, put your feet at once for about half a minute, 
rubbing them briskly at the time ; then, with the towel that has been 
dampened by wiping the &oe, feet, dDc, rub your whole body well 
(without the addition of more water), &8t, and hard, mouth shut, and 
the breast projecting. Allow five minutes for this operation. 
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40S. There is yet another plan, saperior in some of its effects to all 
that has preceded it ; at night, when yon go to bed, and whenever you 
get out of bed dnring the night, spend from two to five minutes rub- 
bing your whole body and limbs with your hands, as fiur as you can 
reach in every direction ; let it be done briskly, quickly, and hard. 
By this practice the softness and mobility of the skin will be pre- 
served, which too frequent washings has a tendency to destroy. 

409. The cuticle has neither nerves nor blood-vessels, but it is 
abundantly pierced by the evacuating ducts of the sebaceous (fatty) 
and sudoriferous (sweat) glands, and also by the shafts of the hairs. 

410. It appears to be developed for the sole purpose of protect- 
ing the layer beneath it — ^the true skin. 

411. If the cuticle be accidentally removed, the true skin suf- 
fers acute pain from exposure to the air, and change of temperature. 
In addition to the cells of the epidermis whose function it is to secrete 
horn, there are other cells secreting only pigment (paint); in the white 
races of mankind these oells are easily distinguished, but they are 
most apparent in the colored races. There appears to be great 
relation subsisting between the development of pigment cells in man, 
and exposure to light, that is to say, the greater the light, the more the 
color. It is under circumstances of intense heai and light, that the 
negro, the red Indian, and all the varieties of the colored races of 
mankind, are produced and flourish. In this respect the analogy 
with plants is no less perfect than admirable. 
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LESSON XXV. 

THE KAILS. 

412. May be regarded as an altered, transformed, or modified 
epidermis; they consist of two layers — a soft mucous and the homy 
layer, or true nail 

413. The bed, or mcUrix of the nail, corresponds with it accu- 
rately in size and form. If the nail be removed by maceration, its 
anterior (front) and middle portions are divested of epidermis, and 
become uncovered ; the lateral portions, or edges, and the posterior 
portion (back part) are invested by a part of the cutis. This will be 
best understood by consulting the accompanying figure (Fig. 110), 
which gives a view of a transverse section of a nail, made through 
the body and bed of it. The bed of the nail (with black ridges) is 
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Aoira at a, the oorinm and lateral parta at fi, tiie atr&tiim, firet de- 
aoribed by Malpighi, and called by hia name, with white ridges, at e ; 
horny layer, on the wall of the nail, t; homy layer, or proper nail 
siib8taDce,/-^th short notflhee Jifoa its onder aorfiuM, d. 



414. The MalpSj^iian layer of the nail, like that of the epider- 
mis, ooiunsta wholly of nnoleated aella, and agrees in all osaeDtial 
points with it, except that the deep portion contains a series of large 
perpendicular cells. In the negro, the Malpighian layer of the nail is 
black, and its oells eren appear to oontun dark brown nuclei, as well 
as yellowish brown ones in dark Europeans. An enlarged view of a 
transverse section through the body of the nail (Fig. Ill), will better 
explain these lacts. A, represents the cutis (true skin) of the bed of 
the nail ; B, Malpighian layer ; 0, homy layer, or proper nail snb- 
stanoe \ a, layers of the bed of the nail ; h, white ridges of the 
fio. 11] Malpighian layer; e, ridges of the homy 

layer of the nail; d, deepest peipendicnlar 
cells of the Malpighian layer; «, its upper 
seriee of flat cells ; /, nuclei of the horny 
layer. 

415. The Btructnre of the homy layer 
can only be ascertained by the ud of re- 
agents ; thus, boiled in dUuU caustic soda, 
I it appears in the form of beaotifolly definite 
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nucleated cells (Pig. 112); the distended membrane of the cells is 
shown at a, and the nuclei at b. 
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416. The Tasenluity of Uie bed, or matrix of the nul, is an ob- 
jeot of great interest; .these vessels diSer entirely in their form, sr- 
rengement and siie, &om the capillaries of the cutis vera (tme skin), 
as may be seen by reference to Fig. 113. The oapillBries of this tis- 
sue are remarkable for their extreme fineness and parallelism ; their 
function appears to be to seorete the homy layer, which forms the 
tme substance of the nail. The ressels of the cutis vera (true slcin) 
everywhere snrroand the Tesseis of the matrix, the terminal looped 
capillaries of the papills of the skin being distuiotly Tiaible. 

417. In that horribly severe and excruciating operation of what 

is called minor surgery (I), the removal of 
a nail beoause its edges grow inwards, and 
produce great pun, aaaooiated with con- 
stant irritation, the unfortunate patient 
frequently deeirra to know "if the nail 
will grow agun." The answer to this 
anxious question is generally very vague, 
" sometimes it does, and somelimee it does 
not." A little practical physiology would 
enable the operator to ^ve a poutive an- 
swer — " It diall either grow again, or not, 
at your pleasure." If the peooliar stra. 
turn of vessels just examined be included 
in the operation, the nail can never grow again, as the vessels which 
produce it are gone, and there ia no power in the human subject (or 
higher mammals) to reproduce lost parts : — they, theref()re, onoe re- 
moved, can never be replaced, and their fonction is gone. 

418. It q>pears to be bad surgery, however, to remove an entire 
nail for the &nlt of its edges; they alone should be removed, eaio 
being taken to include these particular vessels, with Uie ofiendlng 
portion of the nail. 

419. The homy hoob of horses, sheep, oxen, pigs, Sus., are all 
formed by a similar layer of vessels, whiok, wh«i minutely injected 
and well displayed, form objects of exceeding beaut7, particularly 
the vascolar lamellse of the Horse's hoof, which is intended to act as 
a series of beautifdlly elastic springs. Notwithstanding the exquiate 
sensibility of this especial vascular hyer, the tenmnal loops of the 
nerves have hitherto escaped deteotioa 
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420. Hur, in its origin, is an epidermic tiasne, and is formed out 
of c«Ub ; bat by the time it bos acquired its fall developmeat, it bas 
become m completely modified that all trace of ita origin is lost, and 
can only be reclaimed by the jadioious application of re-agente. The 
hair originates within a foUicle (a little bag), which is formed by a 
depression of the sldn, and lined by a condnoation of the Epidermic 
byer. From the bottom of this follicle there arises a oluster of cells, 
which are Epidermie cdh ; the exterior of this cluster is the btdb, 
and the soft interior portion is the pulp. Although the follicle is ex- 
tremely Tssealar, and even tiie bnlb becomes reddened by minut« in- 
jeotion, yet no ressela have yet been traced to the interior of the hair. 
The hairs of most animala present three elementary parte — an exter- 
nal euiidg, the eoriical, homy, or fibrons subetanoe, and an internal 
meduUa or pith ; these clement^ attain their highest development in 
the qnills, or modified burs of the poronpine, and the Bnglish hedge- 
hog [Erinaceua EuropCBut). 

Two of the three layers above indicated, may be distingmsbed in 
all burs, witliont any exception — the cortical, and the medullary : the 
cntioolar covering is sometimes wanting, 

421. The oortical, or fibrous sabstanee of a hair is lon^tudinally 
striated (Fig. 114),- it often presents dark spots, ^^^ ^^^ 
except in white hairs (In whioh it is transparent), 

and is more or lees deeply colored. The color is 
sometimes distribated with tolerable regularity, 
and sometimes more concentrated in granidar 
spots. 

422. The medollaTy substance, or pith, is com- 
posed of an ajKregation of very large cells, which „^^ , 

do not possess flnid contents m that part of the Un i^iiai] aatHUnoe, 
hair that is completely formed, bnt it is filled witli 
cells, uBu^y oontiuning pigment 

428. The feathers of Birds are precisely analogous to the hair 
of animals; the oortioal (homy) tube of a feather, representa the 
like tissue in the hair of an animal ; and the cellular medulla con- 
tained within tbe qnill is the analogue of the medulla of a hair. 

424 One striking difference exists, however, in hair, as com- 
pared witli the feather of a Bird ; it has been said that the hur-folli- 
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cl« is BO TMcnlar that the hulb of ihe hair becomes red in a nunnte 
iujeotioD, DO Teernls, however, bemg viuble. The foUiole of a feather, 
on the oontrary, ia not onl; abnndantlj supplied with eapiU&ry blood- 
veBsels, but more, the oellnlar medolla is intensely vaecalar. In 
other animal g, aa will be hereafter seen, when a hur is pulled cnit, it 
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bleeds; proving a tendency to Tssonlaril; in 
this tissue, which, for all we yet know, may really 
exist. This will bo best understood by consult- 
ing Fig. 115, which shows the feather of a Book, 

the medulla of which is beaatifiilly injeoted. 

The arrangement of the c^illuies will be seen '^Mh^^guBj 
to be peculiar, and oharacteristic ; they are large, 
aa compared with human capillaries, to enable them to transmit the 
larger-siied corpuscles of the blood. The cortiole substance of the 
feather is marked a, the Taaoalar medulla b. 

425. But feathers difier&om hair in 
no^Mi. another req)eot; the quill (a), termi- 
nating in a shaft {b), ^ig. 116), is eo> 
vered on two aides by a feathered por- 
tion called the vane (e). The feathers 
of the vane are lamellated, or composed 
of a eeries of distinet plates called 
barbs (c); (Figs. 116, 117, d), these 
barbs are made np of still smaller barbs, 
called, therefore. &ar«uJM(«), (Fig. 117); 
and these are femid to be provided with 
a series of very minute barbs or hooks, 
hence called barhulina — a still further 
diminutive (Fig. 117, /). 

The latter are slightly hooked, to 
enable them to attadi the barbnles to 
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each odier, so that &e vliole sar&oe of the barb§, of which the vwe 
coonata, may form a solid, mntiiraoas, firm, resisUng membranone 
expansion, by whioh a feather etri^ei the air, aa an oar strikes the 
water. 

Were it not for this beaatifal provitdon, the ur would pass 
tbrongh the feathers of the vane, and flight would be imposBible. 

126. The caticalar sabstanoe of homan liair, is composed of a 
series of flatened cells or soaleg, derived from the epidermis thrown 
off or exfoliated, from the interior of the follicle. These cells or 
scales, are disposed in an imbricated (imlrea^ a tile) p„ ^^^^ 
form, or overlap each Other, like the arrangement of 
shingles or tiles, (« a Loose-top. This disposition of 
the aoales can be proved by a very simple experiment ; 
place a hair between the thumb and finger, and pro- 
ceed to spin it round, by moving the finger and 
tbnmb contrary to each other ; the hair will inva- 
riably paas through the root tnd first, which indi- 
cates not only the imbricated arrangement of the ^H^nhllir**' 
scales, bat that they overlap from the root; this is 
shown in Fig. 118, the imbrications at the ddes being exag- 
gerated. 

427. As these scales are attached one by one, as they become 
detached from the aides of the follicle, and the hair is always growing, 
it follows that no two of them can be deposited exactly in the same 
place — consequently they overlap \ the lower part of a soale previ- 
onsly there, bebg covered by the npper part of a scale newly added. 

428. The cortical fibres of the diaft ^, „„ 
-of a bur are identical with the cells of 
the bulb; they become elongated : 
they are pushed upwards towards tl 
month of the follicle, by the prodnction 
of additional cells beneath, and are di- 
minished in their diameter; consequent- 
ly, ^e shaft of a hair is mnoh less in diam- 
eter than the bulb. ^ „ 

__ _, ,, . , ,., Epldtmua Muea or Hamu bab. 

429. The epidermic scales wnioh cover 

the cortical substance, can be separated by the application of caustic 
soda, when they appear as represented in Fig. 119. 

The dark spots, dots, or streaks, of the cortex are chiefly granu- 
lar pigment ; oavities filled with air or fiuid , or nuclei 

430. Caustic Potash and Soda, soften and swell up the cortical 
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sabstuioe vitlioiit degtrojing the spots, by which we see thkt tixj tn 
Dothiog but pigment granules, deposited in the pUtea of the haii; 
they are freqaeutl; found in duk hain, but vuy Ter; much in tue 
and form. Other dark spots which, at first sight, appear to be pig- 
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ment granules, prove to be, on doser examination, little writies filled 
with air. 

431. The root of the hur, especially the lower half of it, differs so 
far from the foregoing desoription, which applies to the shaft, that 
the scales, in this situation, appear as well formed elongated cells, 
eaoh one possessing a nucleus. In Fig. 120, scales from the shaft, 
and in Fig. 121, from the lower half of the root, are shown; those 
from the shaft (Fig. 120) are flat and fusiform (spindled-shaped) 
in shape i those &om the root (Fig. 121) are broader, and genersll; 
better formed, possessing a oylindrical, straight, or serpentine nu- 
cleus. 

432. The medulla forms but a small portion of a hair ; it is the 
oentral streak or axis, and extends from the bulb to the point, nearly. 
It is (^lindrical in shape, and composed of a congeries of nucleated 
cells. If white haira be boiled in caustic soda till they swell and 
coil np, umple pressure will generally demoustrate the oellnlar struo- 

tnre of the medullaiy cylinder, which 
is then sufficiently transparent tot 
transmitted ligfat The medulla is re- 
markable for Uie great quanti^ of air 
whioh it contains J by its means the 
medullary cells are broken np into a 
series of distinct cylinders, of all 
lengths — some being much shorter than 
others. In mMwining B bfcii' boxa bulb 
to point, it is onrions to obserre the 
many breaks which the medulla sus- 
tains, owing to the presence of air. A 
reptesentatim is giren (Fig. 122) of a 
white hair from the head, whioh has been treated with oanstio soda — 
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mmgnified 250 diameters ; a, nnoleated oells of the mednlU, vithont 
aix ; b, ootiiaai snbatuioe, wiUi diatinot nnolei ; e, entio- 
olur oorering, showing the imbrioatlonB. 

433. To demODitnte the presenoe of ur in the me- 
dullary cylinder, another illiutratiaik is neonemry (Fig. 
128); the moat oooapionoDB objeot is the bnlb (a), in 
which a dense aggregation of pigment oells is shown. 
From dtis pomt the medulla remains intaat to b, where 
air is fintly fbnnd dividing die mednlla ; thence we see 
the Sequent intermption of the mednlla by the intervene 
tion of ail, nntil it ceases near the point, e. The original 
qie<nmen was a hair &om the homan eye-brow. 

434. The whole of these fitots, howercr, may be seen 
with advantage by oonsolting thili transverse seetions of 
human htur (Fig. 124). 

435. Here the oaticle (a), the eortioal snbstaaoe (b)t 
and medulla (c), with its pigment cells, are well shown; 
the other figure (Fi^ 125) was devoid of medullary pig- 
ment cells, at the point where the section was made. 

436. The human bur is very elastic; it has been 
fonnd by experiment that it will stretch to more than 
one-third its length without breaking. It readily im- 
tubes water, and as readily gives it out again ; oonseqnent- 

Ij, it ifl sometimee dry and britti*, sometimes moUt huimihto- 
and tqfl, according as the sldn, or the atmosphere, ^>^-^]^ ^^^^ 
taiua much or little moisture. Horeover, it becomes '"^^ 
longer or shorter, according to the quantity of moisture it oontains. 

437. The ohemioal composition of hair has not yet been satis&o- 
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torily determined ; some authors suppose it to oouaiBt of a combina- 
tion of protnne and su2pAur, to whioh others add a small quantity 
of » peculiar snbstanoe ^ed to gelatin. Hairs withstand putre&c- 
tion better and longer than any other part of the body ; the hui of 
t ii always found to be quite perfect. 
6 
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488. As regsrdfl tbe imbriMtod straotBre of tlu mttionhr ootbt- 
ing, bumaD Iiair cloael; approzimfttea to wool (Vig. 126} ; aad & bold 
attempt has been made in this oountr; to piore that the hair of a 
Negro and wool are identioal, and that, therefore, the Negro is an in- 
Fio IK fan™ animal, ■■ compared with the white laoes of man- 
kind. 

This statement is supported in the work in qnestaan* 
b; figoree proftesiiig to be transrerM sections of the hair 
(^ a idiita man, African, and fiill-blooded Indian, and 
the anther makes them disagree remarkably. That of 
the white man, donbtleaa obtained from some accredited 
work on homao physiology, is correct ; the hair of the 
Indian is represHited as round as a oirole described by 
compasses ; and that of the African as a long oraL 

They differ as much in sise as in shape ; the Euro- 
pean is shown as the Bmalleat ; next in siK, and inter- 
■WvA. mediate, is the TnilUit — the African hair being doable 
the die of the latter. 
439. In the following pages figures are g^Ten of the European, 
Indian, and Negro hair, all fitithfdlly copied from existing prepara- 
tions j these preparations hare been measured by a Hiorometer, and 
foond to be of the ume nie, nearly. That the shape of bur (of tiie 



. Tmunae watHaa at luir, Ssfin. 

head) is Tsrions in the Bsme indiridnal, will be seen fr«m the two 
fignres of hair from the white man, and two figures subjoined from the 
N^ro (Figs. 127 and 128). Each presents a specimen with and wlUi- 

•"Tikboliigli M»niiMjlBin." bf Fata A. Bkvb, LL. Dl, FUUda^hU. 

TIu inUuiT hu pnUlilitd ■ dsHriptloa of hli ■• coning muhlne,"— the Tny iront Iirii 
■TaOHdr IttaBolugVRniidUiuuordUuTpandlciiiMi tliebiilitolwinitUlinb*dd*d 
tiMrl^uidtbtUutnowBtlwU to OM bud, whUrt > n»r kaU In tha ettw potna tba 
nttlii|. Th* •Ditigil HibituM rradm bitr ■ TU7 tough, ndMIng tlma, vid IT odIt np- 
poitod br onk, tb* lUtar ylaU* to the pronn of ths rua, ud > MTY oM<fM (mNm la tbt 
UM mult— henea Ihe kng onl that ha hu giTen af the Nacio Ub. 

A anttlng muhlae mnit bo Jtatd, learing both huda at Ubertf to naa the naor, irUOi 
N^alne gnat pnaiue to make a tbln sesUon, and Ibe halia aboiild b* aoMlaatIr meUliiud 
wM uam KBte- fD KfU% tt«n, vUwtwIh, with aU podUa aan, tb* aaatfiiM vSlbatM 
tUak to tnumlt U^t, n ibov their Ine dnetim. 
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ont pigment in Ae mednllft ; that portion of the oortiosl enbatsnoe 
iriiidt joina the entiele is nneh darker in color in the Negro and In- 
dian than in the white races, and this remark applies to Uie oortioal 
Bobetanee geoerallj. The hair from the head of a fiill-blooded He- 
nomonee Indian (Fig. 129) agrees is all general charaoteristios with 
those already described. 

440. Hairs of the beard ate tinuUy mndi larger and ooaraw 
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than thoae of the head; a figure of a transrerse seotion of the hair of 
the beard of a white man is ^ren at Fig. 180; in shape it is iden- 
tical with a hair from the head of the sanw person (Fig. 123) ; the 
letters refer to the same tissaes. All tha forgoing speaimens of 
hair were examined, and drawings simnltaneoosly made, undra a 
l-4th object glass. 

441. In the Kegro, or mulatto even, the imbriostions aremnoh 
more distinot (because larger) than in the white raoes of mankind, 
owing to the fiujt that the epidenoie scales, which enter into the oom- 
poeition of the ontionlar covering, are themselves deeply colored with 
ingment, as already described in oonneotion with the epidermis of 
the akin, and the darker the skin the darker and coarser the epider- 
mio scales. Beyond this &ot, there is nothing to distiDgoidi the 
hair of a N^ro, from that of any other spedmen of the hnman 
&mily. As a role, whether in a white man or a black, strong, ooatM 
bair has a great di^osition to oorL 



LESSON XXVII. 

HAIK. CONTtKUED. 

442. As a class of Hicrosoopioal objects, and as a Talnable ad- 
junct to Zoology, the stnjotnre of the bair of animals baa excited 
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great attentioa within Aa last flaw yeua. The Omara of ut aninul, 
and fireqnentl; the tpteia, can be aocoratel; determined h; the mi- 
OTMOopioai ezamina^oa of a fragment of a h^. 

In the hi^er mammalia, the hair appears to poeMBS the same 
IJames as those described as belonging to the hnman hair, that is to 
•ay, the euHda, the eorttz, and the tneduUa. 

443. Allnsion has been made to the want of Tasonlarity of tiie 
bnlb of tbe hnman hair, and the interior of the foUioIe ; if the wAis- 
Jur (Tibriflsa) of a eat be polled oat, it will generally bleed, proring 
Tasoolarity in the foUiole, If not in tbe bulb, of these particnlsr 
baira. 

444. If a thin, transrerse section be made of a Tigtr's whisker 
(Fig. 131), the three tisBuee oompodng it are distinotlj seen ; the 
onter ontdcnlar layer (a), the oortioal snbstanoe (&), remarkable for 
tbe great amount of pigmentaiy cells indoded in it; and lastly, the 
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medollary eylinder (c) in the oentre, oontaining well-formed pigment 
cells, but deroid of pigment where this section was made. 

A similar section of a Gat's whisker (Fig. 182) shows the same 



446. The Vibrisssa, as the whiskers of animals are called, are in- 
■tmmvita of great importance to a Taat number of them,bnt eepe- 
oially to the Feline races. All the oats, from the majestic lion down 
to oar honsehold pet, are not only camivorout (feed on flesh), but 
they are jn-sdoMous (prmiia, prey), — sdie living prey. 

446. As soon as the eye discerns a victim, it Is fixed with a deadly 
and unfaltering gaie ; the creature creeps stealthily and noiselessly 
along upon the soft cushions of the feet, the eye having no part what- 
ever in the direction taken ; what then guides it? the VibrisssB. 

The Vibrissa, measured from point to point, ezoeed the diametw 
of the widest part of the body ; wherever they can pass withcnt 
touching, the body therefore can follow. Thar sensibility spears 
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to be exquisite, and in proportion as the point, or other part nearer 
the bulb be touched, the animal knows ezaotly whether it can past 
or not 

447. For experiment aake, a oat has had hw Vibrissn ont, and 
then pat into a box prorlded with a large round hole— larger than 
neoesear; for her body to pass throngh. Bat she has lost her gauge, 
utd no temptation can indnoe her to attempt to come oat of the box. 
Lions and tigers, following their pre; in the jangle, are solely gaided 
by the refined senribility of these organs, which (as already obserTod) 
bleed when palled oat 

448. The true Btraotore of hair can only be known by examtning 
tTanarerse seetions of it, which require to be ont sufficiently thin, or 
they are useless. 

449. Sections of the vibrissa of the Bat (Fig. 138), and of tita 
Raocoon (Fig. 134), show the same tissoes as those described in man ; 
the air which separatee the cells in the mednllaiy canal in human 

na.l8aL Fia.lU. 
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hair, is equally found exerting the like diviuon in these hairs. Like 
die Tibriaae of the Tiger and the Cat, those of the Rat and Raccoon 
are remarkable for the general roundness of their figure. There can 
be no doubt that these organs are as important to the two last 
mentioned animala, as to the former ; in the first, they tead to 
ensure the capture of liTiug prey — in the last, they fadhtab 

450. Hitherto, only one mednllary oanal has been described, as 
being exeavated (as it were) ont of the oortical aubatance ; but in 
the PatAyd&rmaious (thick akinned) animals, to which the M^hant, 
Bog, Sorte, Shmoetroi, dx., belong, there are Bereral medollary 
canals apparent. 

A thin transverse section of a hair from the proboscis of the 
Elephant (Fig. IS5), is almost identical with a similar section of a 
Hog'i brisile (Fig. 136), and in both, a plurality of medolliB appear 
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(a), in the cortical BubBtance [&). Another seoUon of a Hog's bristle 
(Fig. 137), made nearer to the lower 
portion, ahowa greater density in the 
outer part of the cortical substance, 
bnt the several medullary oanala in 
I its interior are fully apparent 

I They are, howerer, still better 

shown in the h&ir of tlie EUi^ant's 
tail, especially if the section be made 
near to the bnlb; mch an illustra- 
tion {Fig. 138) is quite conelosiTe of 
the &ct stated. The medullary ea- 
nals (a, a), contain oelk, most of 
them provided with pigment, while the cortical sabstaooe (&), is re- 
plete with pigment cells of the most perfect shape. 

p,a. 1^. 451. Much differenoe, 

too, exists In Ae form of 
the hairs of the tail and 
proboscis; is the former 
they nearly resemble that 
of homha hair ; the latter, 
liie the Hog's bristle, are 
nearly Tonnd. 

Flnrali^ of mednllary 
canals may be seen in an- 
other tissne, which is to 
T«,«vr««cttaofii^r(h,mth.Eii«piuiif»tiiL jj] appearance any thing 
but bur-like in its general characteristics. 
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If a thin truurenie aeodon be mule of Bdeen ( Whakioru), it 
will be found to be composed of a dense aggregation of strnotnna 
reeembling so many diBtinot baire, each having Ita medulUry canal, 
soTTOtinded b; a oortioal eubstance (Fig. 139). 

If now a longitndinal section be made, the mednllaiy canals will 
be Tcry difitinctlj seen, divided periodimlly into a series of cellnlar 
cftvities by septa (partitions) transverae in their direction (Fig. 140). 

452. In stmctore, whalebone bears a wmderftd resemblance to 
biur (Fig. 139), agreeing moit with the pachyderm type, which ad- 

Fie. 14a 
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mite a pinrality of mednlba. The cortical Hnbstance is divided into 
a serieB of distinct bodies, each eimnlating a hair, and separate ; is 
seen to be filled with medullary canals, which are, however, better 
seen in the longitudinal eeotion (Pig. 140). 

In the hair from the mane of a Horse, there is an exception to 
the rnle of development of pachydermatous animals, as only one 
medullary canal appears (Fig. 141). 

46S. The male Turkey (Meleagris gaJloparvo) ia provided with 



in of hill, Hona'i mim. Truwrsna »«aoii of h»lr from Tarteft brad. 

a tuft of very coane bair, popularly known as the beard ; in trans- 
verw seotiou all the tissaea are dbtinotly seen (Fig. 142). The 
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Bhi^ of it u very remukable, and diffbn from all the other hun 
in thi§ respect. The oortieaJ Babet&noe is unifinrmly dark — the 
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result of pigment existing in a difiased ooadition ; the mednllaij 
canal partakes of the same irregalarity of form which distin- 
FiojM. guiahes the entire hab, its oeUs are veil shiqwd, and pig- 
ment (when not intermpted by air) present 

451. The hair of the Buminanta {Ox, Shet^, Deer, 
<£i:.) is peooliar ; in them the onticle cannot be found, be- 
caose not present ; the oortical snbstanoe sopplies its place , 
and the inedalla, trauafbrmed to large cells, filled only 
with air, oonatitntee the bntk cf the etniature. 

In the Stag {Cervus tlephas) the celb of the medulla 
(Fig. 148) are of great aiie ; the dark cells are still full 
of air, which, in small portions, is always intensely black 
under the mioroacope ; so too the hair of the Wapcti Deer 
(Fig. 144) is equally oellalar, but of great beauty and 
smaller eiie. 

435. In the hair of the Chat the two tissues (Fig. 145) 
are all that meet our gaie. 

466. The belly of the Duck-billed Platypns (Omi- 
ihorhyncut paratioxui), is coTered with hairs of a very 
curious form (Fig. 146). The bulb, at its extremity, is 
almost pointed ; the ahaft ocntinues its course of nearly 
equal nse for a considerable distance ; at last it becomes 
attennated, and ^ves evidence of terminating (as hairs 
nsnally do) in a very fine point lostead of this, it sud- 
denly and greatly enlarges, and this continues till It grad- 
ually diminishes and ends in a fine point. 

At a short distanoe &om the bulb, the narrow portimi 
is filled with a series of well-formed oelb (Fig. 147), like 
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the Rnmiiunta ; tluM, however, terminate just prior to the eom- 
menoement of the enUrged portioiL This latter at flnt oontuiu 
diffneed ooloring matter (Fig. 148), which eoon ceues, aad the re- 
mainder of the hair is transparent. 

457. The qailU of the Porcupine {ffyitrix oriaiata) are only 
modified hairs ; all the re- j^^ ^^J ^.^^ ^^ 
qnired tiBsuea being foond in 

these stmotuies, espeoiallj in 
the species qnoted. The ca- 
tioalar covering (Fig. 149, a), 
is seen as a delicate external 
ring; bnt bj far the most 
remarkable stmotore ia the 
eortieal snbstanoe, which is 

tran^rmed to horn, and Simiriwtoftt.iuir, »i™umo(eiiijfgrfpQr. 
pres '""""g strength to the 

qnill {b). Press it as hard as yon will between the thumb and fin- 
ger, no impression can be made on it, and to make a dun section it 
roust be firstly softened by —^ j^ 

boiling. The pigment of the 
cortical anbstance is oon- 
buned in a series of well-de- 
veloped cells (c). The cor- 
tical layer oonfflsts of ttoo 
thveturea — one (c) made up 
of cells, possessing pigment ; 
the other (&) a layer of 
demse, non-nnoleated horn. 

In the centre, and every- 
where amid the cortical layer, 
the cells of the medulla (d) 

'"468!' The quills of the t™^.,™ «<!u™ qqiu uf Poreupm* 

English hedgehog (Erinaceous Europaut) exhibit a like stmotore 
in a minor degree, but without cuticle. 

Two tissues are there, but the cortical snbstanoe descends into 
the interior of the medullary layer, without reaching the centre 
(Pig. 150). 

The arrangement of the medullary cells is best seen in a longi- 
tudinal section (Fig. 151). 

458. Lastly, the American porcupine (Systrvc donaia) preaents 
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a totally different aspect; here the oortical anbfltauee is restricted 
to a narrow ring, which forms the periphery of the oircnmfereno^— 
„„ ign^ all withta it ooosiBtB of me- 

dullary cells (Fig. 152). 

It is easy to understand 
how the Indians can use these 
qailbin snob varied pattero; 
they have no sapport, and can 
be flattened with the greatest 
ease. In the two last illaa- 
trationa die cntide ceases to 
bo present, and cannot there- 
fore be ^own. 

460. Since we quitted the 
examination of hnman hair and 
wool, we hare lost all trace of 
Tr™,em «oUo^ quui of Engiw. H,dg^og. ^^^ ^^^^ imhricationa, and 

it might be inferred that these oharacteriatios are oonfined to man, 
and the sheep ; bnt this is by no means troe, for, on the ooatrary, 
many animals there are in which this partioular arrangement ia shown 
in great perfection. 

461. Thus, the hair of the seal {Pkoca vitulina) preaents them in 
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a manner more nearly resembling a ve^table stem than any thing 
animal (Fig. 153). 

462. The bur taken from the belly of the monae {Mus muieu- 
hit) is very interesting (Fig. 154). The imbrications are well shown, 
bnt its beauty consists in its cellular medulla; some oells are nearly 
white, Others are intenaely blaok ; in some parts of its stmoture the 
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Uack and white oeils ^«'- u^ Fia.iH. Fio. UC' 

alternate, ocoapying 

the whole diameter ; 

in other portioiu the 

blaek in broken np 

into emaller Toonded 

bodies, and mixed 

with the white. Nei- 

dier is thifl all; the 

hair enlarges grada- 

ally from the bulb, 

iL_ J- ■ ■ 1. J H.LrofSeaL House HXr. 

then diminishes, and 

oontinnee to do this four times before it ends in a point. 
Each enlargement, too, is always larger than that which 
preceded it, and the last the largest of all. 

A pretty little Marsapial animal (having a bag, or 
pouoh, like the Oposanm), from Australia, Phascogale 
peniciOaia, has hair somewhat resembling that of the 
Monse, inasmuchaseaahbairoonsistsof four enlargements ^"JY'"\|£*'^ 
(&om the bulb), and corresponding diminutiona These PbaKogii«.' 
hairs are of such great length, that it is out of the question to figure 
an entire one, especially as the principal has been demonstrated in 
the hair of Ornithorhyncus (Fig. 146). 

But enlarged detached portions are illustrated : thus, a figure of 
the bulb, and commenoemeut of the shaft (Fig. 155), is given. To 
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this snooeeds a well imbricated strnctore (Fig. 156), the interior of 
which displays medullary cells. 

The latter structare now prevails throughout the remainder of 
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the bail, eroept in the attenuated portione, bat to show the great dis- 
parit; of siie in the terminal enlargement, a figure of it (Fig. 157) b 
also given. 

463. An exceedingly interesting and beaatifol hair ia obtiuned 
from a species of Bat, common in India, the scientific name of which 
u not known, although the hairs have been found in the cabinets of 
mioToscopists for fully twenty years. The imbrications are arranged 
88 a whorl (Fig. 158) which surround the shaft. It is altogether un- . 
like the hair of any other known species. 

464. But it is reserred for still lower animals to show what ex- 
traordinarj weapons hairs may become ; in a Marine worm {Aphrv- 
dita hiipida) the hairs are transformed into darts, and used as sach 
(Fig. 159). The speoimen from which the drawing was made, was 
disaeoted from the body of a naked (without a ahetl) Sea-slug — Ap- 
lyaia — m whose int^^ument a number of them were found It will 
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hltpldl. mealet lirduliB. migiilflsd). 

be evident that, once in, there they must remun, as, fiY>m their etrao- 
tore, no power could extricate them, and oonsequently they were 
broken off, that the Sea-mouse (as these Annellidea are called) might 
escape ; but, is it powible to ima^e a better shaped harpoon ? 
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465. A form of hair, from the larva of an insect {Dermestes lar- 
darius) very common in krdera in this country, is so curious in form, 
that it were unpardonable to omit it ; moreover, it tends to show the 
great display of Almighty wisdom, even in the construction of a 
hairl Two figmres of this hair are given, as seen by dififerent mag- 
nifying power, and in different conditions ; the first (Fig. 160) is per- 
fectly spear-shaped, the imbrications being most distinct : this is mag- 
nified 300 diameters. In the second figure (161) the head of the 
qpear is opened like an umbrella, a state in which these hairs are fre- 
quently found ; it is now magnified 500 diameters. 

466. The larva (upon whose body these hairs are alone found) 
does not exceed three-eighths of an inch in length, and appears to be 
a very quiet, passive animaL Whatever use it makes of these most 
remarkable hairs remains unknown, no one has even hazarded a con- 
jecture in relation to them, notwithstanding there can be no reason- 
able doubt that they are defensive, as those of Aphrodita are offen- 
sive. Let the reader only imagine what the effect would be on 
another animal, advancing to molest the larva of Dermestes, and 
have all these hairs suddenly porreoted (stretched forth), and the 
umbrella-like processes suddenly opened in its face ! 

The foregoing demonstrations have distinctly proved — firstly, the 
general character of imbrications as common to a majority of hairs ; 
secondly, the important fiict that hair, in man and most of the higher 
animals, consists of three distinct tissues ; and, thirdly, that where a 
tissue is lost (cuticular layer), it designates, most usuidly, the smooth 
(non-imbricated) hairs. 



■♦♦•- 



LESSON XXVIII. 

XPrrHELIUM. 

467. On the external surface of the body we found the skin pro- 
tected by a layer of flattened homy scales, called Epidermis ; this 
layer is continued over the outer surface of the lips, lining the whole 
interior of the mouth, covering the surface of the tongue, descending 
into and lining the (Esophagus^ Stcmach^ and Bowtisy but, in conse- 
quence of its idtered form, under the new name of Epithelium, ' 

468. This peculiar tissue is also found covering all other MucauSy 
Serous and Syncvial membranes ; it lines the heart, blood-vessels and 
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absoibentB ; tiie folliolee of the muooiu merobnue, and *I1 the glanda ; 
the irachta (windpipe) uid ftll its runificfttioiu, do leas thui the aii- 
oellfl of the longs. 

469. Epithelul oells ue Tarions in figure, bat resolve thenuelvea 
into two chief forms— the teflBellated or pavement epidieliain, uid the 
eylindriaal, or ojlinder epithelium. 

Both these forms ma; be provided with vibrktile oilla, and eadi 
has % tendency to ran into the odier. 

470. The oells of the teeaellated or pavement epithelium (Fig. 
162) are flattened, and polygomtl ; thej are attached to each other 

like the elements of a tessellated pave- 
ment, by the namerooB angular snr- 
&oea esoh scale presents — hmoe the 
name bestowed on this paitionlar form 
of epitheliam. It oocasionaU]' h^»- 
pens, however, diat they retun their 
ori^nal ronnded or oval form, aad in 
tluB ease they are found separated by 
an interval of spaee &om each other. 
471. All epithelial cells, witiwat 
''"*miiuie^i^*c«X:' ^Miif^ ' reqieot to fbrm, ai« remarkable fbr 
tvo niuiiiL ^^ possession of a distinct nucleated 

spot ; whence this naeleas is obtuned is at this time a mystery ; it is 
quite likely that they produce other epithelial oells, on the prinoii^e 
of oell development, and this is all that is known in relation to the 
sabjeot. 

472. The cylinder-epithelium is oomp<»ed of elongated cells, cy- 
lindrical in thur form ; they are placed side by ude, in a uniform se> 
riee, the lower portion (frequently attenuated) oonBtituting the base, 
and the upper, exposed portion, projecting into the free apace of the 
tiseue to which it is attached. 

478. To see the well-formed oylindrical oell, a tissue should be 
selected with a flat surface ; if it be convex, the lower ends of the 
e|utbelial cells are always of less diameter ^an the upper portion 
(attenuated), so that these epitheliam scales much more resemble a 
series of truncated cones, than cylinders ; this fiiet is well shown 
in the epithelium covering the villi of the intestines, of wbioh more 
will be said in the proper place. 

474. The Cylinder epithelium is found covering the entire sur- 
Ckoe of the alimentary canal, from the cardiac crifloe of the stomach 
to ite termination j it is also foond in the ducts of the glands which 
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open into this eaaal, — ^the dnot (diutiu eholedoehui) whidi ooDTeys 
the bile from the liver to the first of the am&li inteatinea (Duodtnum), 
the sftlirary, and other glands. 

476. BoUi the torma of epitheliom klieadj described, an fre- 
quently ciKated ; the object of this arrangement appeals to be to 
propel floida over tiie particular Bur&oe vpon which they are placed, 
and admirably they are adapted to this purpose 1 When these organs 
are moving in full aotivity, nothing oan be eeen bat the inoeaaant, 
rapid whirl of partioles of eztraneona matter contained in the water ; 
when their actirity b^ns to oeaae, the exact fona at the motion 
then becomes visibla On auch occaaiona it will be perceived that 
the down stroke is given with great energy and aotirify, the cilia 
reoovering their position by a slower motion ; this oan be suoceaafnlly 
imitated by string the arm down vet; quioUy, and lifting it bach 
in slower time. 

476. It has been already remarked in the Introduction, that the 
motion of vibratile cilia is alike independent of the will, and of vi- 
tality, as its action oan be distinctly seen in epithelinm removed from 
the body, long after dea^. 

477. This phenomenon is not restricted to the human mbjeot, or 
to the higher mammalia, but is much better seen, and for a greater 
length of time, in the lower forms of animal life. Thus : detached 
^ithelial scales from the mnoooa membrane of the human nose, have 
been seen actively awimming through water by the agency of their 
vibratile organa, some honra after thur removal ; from the mnooha 
membrane lining the air-tnbes of man (frronefti), for gvEt]/ hour* afUr 
iiaath, and so vigoroosly, as to leave no doubt they would oontinne 
in motion for a much longer period of time ; bnt the cilia of a Tor- 
toitt has been seen in active mo^n fifteen days after death, notwith- 
standing tha body was putrid I 

A view of ciliated oylinder-epi- '■"■ "*■ 

dieUam, of the truncated-cone form, 
is ^ven (Fig. 168), in which the 
alia (6) will be found occupying 
the upper enlai^^ portion; the 
nuclei (a) are clearly seen in the quu 

centre of eaoh oell. 

47S. If the tongue of a Frog be slightly scraped with a kni&, 
and the product placed in a drop of water, and examined by the mi^ 
croeoope, maasefi of ciliated epithelinm of the pavement kind wiU be 
found (Fig. 164-1). These will be aeen awimming through the water 
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at a great rate, especially when first procured, and they will continue 
so to do for a long time, or until the water evaporates. 

479. The membrane ooyering the drum of the human ear {tnenh 
brana tympani) is also the seat of ciliated epithelium (Fig. 164 — 2) ; 

likewise the human air-passages, as 
^**^**' already remarked, a representation 

of which is given (Fig. 164-3). These 
three last forms have been drawn to 
scale so that their relative sise may 
be ascertained, and in all of them 

1. OlllAted epitheliam from the Frocks « • j* >• ^i • 'ii 

month. 1 From the inner BQiftoe of nuclei are distmctly Visible, 
human membnuia tympMil (drum of ^o/v t 'i- xi. ii ^ xi. -di - 

the ear> 8. From the hnmao bron- 480. Like the Oells of the Bpi- 

ehialmucoosmembnae. ^^^^^ ^^ Epithelial cells are COn- 

stanily being cast o£^ or exfoliated, and as constantly renewed}. 
The time in which this is effected, however, is found to differ in tis- 
sues ; thus, it is offcenest renewed in the mucous membranes devoted 
to the fimction of nutrition, where, in healthy digestion, the epithe- 
lium of the whole alimentary canal is said to be constantly thrown 
off after every meal ; when this fiuls to be accomplished, disease is 
supposed to be the never-fSuling result. 

481. On the contrary, as there is little action on Serous surfiices, 
the epithelium in such situations is much longer retained. 

482. From the fact that two nuclei are not uncommonly found in 
one cell (Fig. 162, c), and that cells sometimes present a constriction, 
it is possible that they may be produced, like the vegetable oells, by 
spontaneous division. 

SIBOUS AND STNOVIAL MBMBBAIISS. 

488. The free surface of these membranes is found to be covered 
with Epithelium ; underneath, is a layer of condensed Areolar tis- 
sue^ which gives thickness, strength, and elasticity to the membrane. 
The yellow fibrous element forms a large portion of the composition 
of these membranes, and gives them elasticity in every direction. 

484. Serous and Synovial membranes form closed sacs, which 
contain a fluid ; that found in Serous membranes is nearly the same 
with the serum of the blood, and the fluid of Synovial capsules is 
the same, with an additional quantity of albumen. 

485. Serous membranes are found in the abdominal cavity ; thus, 
the membrane which lines the abdominal muscles, or the outer wall 
of the abdomen— jpmi^onMim — ^from a Greek word, signifying to ex- 
tend aroundy is a serous membrane. 
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486. Serons membncea invest the abdominal Tiseera, and pass 
from one Tisons to another, tintil they have inveeted the whole of 
them, irhen they are reflected on the porieties («dea). 

487. The Synovial membrane is a thin membranoos layer, which 
ooTen tJie artioular (joints) snr&ce of the bones, from whioh it is 
refloated upon the snr&oes of the ligameate whioh snrroand and enter 
into the composition of a joint. Like the seroas membranes, these also 
are shut ssoa ; the peonliar fluid secreted by them is called ti/novia. 

488. Certain saoe surrounding some of the joints are called 
burta mucota (muoons purees) ; these are shut sacs, aUied in struc- 
ture to Bynovial membranes, and secreting a synovial fluid. 



LESSON XXIX. 

THE OBOAKB OF KUTKmOK. 

489. It, during the summer months, a drop of wat«r containing 
animal or vegetable matter, or both, in a state of decomposition, be 
examined with a microscope, it will display a world of animated 
atoms t 

These compose the individuals forming the class known as "mi- 
erotcopieal animaleula.^' The form and siie, no leas than other 
duraoteristics of the indiriduals of this class, is extremely various ; 
some of them (Afonos ereptaeulut)' being so minute that a single 
drop of water would oontam Ave hundred millions of them. Our 
present object, however, is to inquire into the particnlara of their 
nntriUoa 

490. Pro£ Ehrenberg long ago promnlgated the idea that the 
majority of these creatures are endowed with a r, im 
great but variable number of digestive sacs, each 

of which (according to him) is independent of the 
rest, bnt all of them oommnnicating direotly with 
the oral cavity (Fig. I6&, b), as shown in the pro- 
ftasor's figure of the Montu formo— supposed to 
be the most minute animal revealed to our visiou 
even by the microsoope. 

491. Increased knowledge of these creatures 

may probably dcmonstratA some mistake in con- """ '""""■ 

nectioD with tbis description, which is at variance with all that we 
really know ; the figures (of the same authority) of larger animals 
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of the same oUsa, &ppeu to be mnoh more eonaistent ; thiu, the 
ftUmentuj cmal of Vor^ 

'»■"* '»" ««ifa«fri«.(Fig.ie6) 

IB dutiuctly BMonUted, 
ud eo, too, in SttjUor 

in all tJwse figoree ute 
eiliated onl (month) 
apertare is marked a. 

In the Torticella 
and StentOF (Pigs. 160 
and 167), the oirctdar 
intestine is perfectly 
AHnMDtuTcuii,Bt<ii- saocnlated (e), or alter- 

tor polvnortdiu. , ,., ' ; , 

nately dilated and ocm- 

traoted (b, c, 4) throughout its entire conrse. 

Two of the figures (166 and 167) are represeoted as dissected ont 
of the body ; this has been done by the mind's eye, for no earthly 
power b equal to snch a task manoally performed. 

BonrxRA. 
^'"^ "^ 492. The animals of this class hare their ribratile 

oilia placed in eirmlar or semicircutar groups, and 
when in action they appear to revolve — hence their 
name. The so-called wheH animaicuh, found in 
leaden gutters, and in infusions of hay, is a Boiifer, 
a view of which is given (Fig. 168). The month is 
seen at ay eye-spots at h ; antenna (?) at d; jaws 
and teeth, «; alimentary canal,/, g (glandular, ?), 
maes enolodng it ; h, longitudinal muscles ; i, tubes, 
containing water, or blood ; k, yonng animals ; and 
I, cloaca. 

The body of a Botiftr is more or less elongated ; 
its posterior extremity ia fiimished with a pair of 
forcipated instrnmenta, or claspera, which, when not 
required for use, can be retracted, and protected 
within a Bheath. 

498. The vibratile cilia are arranged in from 
two to five groupB, placed on lobes, as shown in 
Sototnmata dawlata (Fig. 169, a). 
Botffcrnigufit ^^ bcautifal creature is as tnuupvent as a 
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gUaa, and all die orguu dmoribed can be seen in the miorosoope, if 
it remain qtiiet, with the ntmoat distiuctneefl ; it will be apparent 
that the alimentarj oanal, and all the organic Btmotniee, have nude 
a |(Teat advance &om the umple eaocnlated oonditlon, and only one 
aperture of the Tortioella, and Its allies. 

494. These animals are remarkable for their tenacity of life. 
As earl; as the year 1701, Leeowenhoek had been BT»miniT)g some 
speoimensof AiM/tft-vuI^aris.andleft F».iat. 

the water in whioh they were con- 
tuned to eraporate. Two days after- 
ward, haTing added some rain water, 
preTionsly boiled, within half an hour 
he saw a hmidred of the Boti&ra re- 
rived, and moving abont t 

A similar experiment was made, 
with the same results, keepmg the 
animals dried np for a period at fivt 
months ; and this has been repeated, 
and confirmed by many snbseqnent 
anthorities, the time being extended 
to three years. 

BNTOZOA. 

495. The Eotosoa are parasitio 
internal, or intestinal worms ; of 
thoae, every known anunal has its 
own peculiar species, and nsnally 
more than one ; in man, no less than 
eighteen different species have been 
detected, occupying the varioos eavL 
tiea and tianies of the body, 

496. Excluded firom the iofluenoe 
of light, they are almost onifonnly white in color ; deprived of air, 
ihey do not possess organs of respiration ; they 

aie, in short, little {if any thing) but eacs for 
the imbibition of nntriment 

497. The Acephaiooyri (Fig. 170) oonsista 
of a globnlar or oval veseide filled with fioid ; 
Knnetimea suspended freely in the fioid of a oyst 
of the snrronnding condensed cellular tissno, de- 
vdoping smaller aoephalooysts, which are discharged from the onter 
or the iuoer sor&oe of the parent cyst. 
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498. They vary from the eiie of a pea to that of a ohUd's head; 
in the larger onee the wall of the ojst ha« a lamiiurted textnre. 
They are of a pearly vhitenesa, witbont fibioiu strnotore, elaatio, 
Bpoiting out theii floid vhen panatnred. 

499. So fat as known, there are two specieg of this animal ; one 
the Aeephatocyttis Endogena, or the " pill-boz Hydatid " of Honter, 
moat commonly found in man ; and the Aetpltaloct/stit Exogena, 
found in the Ox, and other domestio animals. All theee animalB 
multiply by fiBsiparoos division, i^etneely like the multiplication of 
the cells of plants, to which they appear to be moat nearly allied. 
In the first named speeiee, this prooesa takes plaoe from tlie internal 
surface of the parent cyst, and in the last, from the external sor&oe 
— hence their specifio names, respectJTely. 

500. Another parasite, closely allied to the above, the Ccmvnu 
Cerabralis, is found in the substance of the loain of Sheep, Calres, 
Pigs, Babbits, and even Dogs, and produces a disease called (in 
England) the "gid," or " mad sta^iers." 

501- In this disease, the animal affocted by it appears to be 

"giddy," and stagers with the head down to the ground, or bntting 

in. against extrsneons sabataiioee in a state of apparent 

ODOonscionsness. A figure of this parasite is 

given (Fig. 171). 

502. The Ctennrus is one of the most simply 
organised animals, oousistbg of a large bag (c) 
always filled with water, at the end of a long neck 
{b), the summit of which is provided with saotorial 
months (a), adapted alike to, adhesion to the tis- 
sues by which it may be Borronnded, and for the 
procuration of nutriment They are frequently 
found provided with many heads, whioh can be 
retracted within, or protruded without the oom- 
mon cyst 
603. This Hydatid form is by no means nnoommon as a parasite 
in the animal kingdom and in man, and, wherever fonnd, they in- 
variably produce distressing, if not fatal disease. They have no sex, 
and ^pear to propagate most abundantly by the mere act of spon- 
taueous division, such as is common to plants, and to the Aoephalo- 

Of course, there can be no cure for the Cmnurus, and the beet 
that can be done is, to terminate the animal's suffering as soon as 
the " gid " makes its appearance. After death, pass a saw round the 
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Bknll, ukl remoTfl tlie upper part, so ae to erpoae the brain ; «a ani- 
Bud, like the figure given, will be invambly found. 

Many GjBtoid aninub there are oloael; allied to the Ccsnttnts, 
and aflUcting alike domestic Mimalaj and man, bat tiieir effects are 
not immediatelf &taL 

604. The £chinocoecu» hominii, is a small animal cell, prorided 
ftt itfl Bnmmit with a ramarkable circlet, or coronet of teeth, hj which 
it clings to the tissae, and four snotorial months ftn: the imbibitioa 
of nutriment \ they have been found in the Utbt and other organs of 
the human body (Fig. 172) ; a, head ; b, saokera. 

603. Anotbor oellnlar animal (Ci/ttie^reua etBulota) has been 
met with in the eye, brain, substance of the heart, and the Toluntary 
mnsolee of the body (Fig- 173) ; in addition to the head, formed 
like the last, this animal poaaeeseea 
kmg neck, which terminates in the an- 
trimeutal saa The head, with its 
ooronet of spines, a; the digestive 



ir 



A magnified view of the ooronet 
of spines is given in Fig. 174 ; h, the Kci,iBo»«n." 
spinefl,orteeth; a,theBuotorialmouths. ■""^ """^ 

606. These animals infest Pigt to an enormous extent, causing 
what is called the nuatlea ; and as the vitality of the ova u not de- 
stroyed in the prooess of cooking, those persons who eat freah pork 



Hod of OritlMnini, mwidflBd. 
(not salted) need not be surprised to find themselves the viotims of 
607. ZVmia solium, or tape wonn, of which it is now well known 
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the CjatieereoB is the yonng. The heut of the Utter uunul is, in 
ever; reapeot, 90 ideutleal with the former, tii&t ft figure 
*^ "^ of it IB uimeoeBeary. 

508. Two apeoies of Dittomn (dii, two ; ttoma, 

month) infest the humtm Bobjeot — D. hepaticam, fonDd, 

u the ipeeifie name indioatee, in tiie lirer, and D, Un- 

ceolatnm; <^ these aiumalB,ti>ef(»mer is also very abna- 

dantlj found in the Pig. It is aW aometimea found in 

luge <{uautitieB infeadng the Urer of the Sheep, aod 

in them it oaTuee the rot Thej are snppoeed to take 

up Planarin with the water they drink, which, under 

altered oironmstanoefl of podtion, heoonus a Distonut. 

509. The nntrimental canal is very rampla in both these aTiim»lrf, 

In D. hepaticnm (Pig. 175), a tepreeenta the motorial month, b the 

anterior Booker ; the second is impcFfbrste, and is nraply an organ 

of adfaesion. The alimentary canal ia continued from the mouth for 

a short distanoe as a aiDgle tube, and thai dirides ; the 

v>. iTt. divimons run parallel with each other, and surround tiie 

rentral sucker, which is placed between c, e, and is alao 

for tlie sole purpose of adheriou ; the parallelism of the 

tubes ia then oontinned to the oandal extremity. Each 

tube gires off several branches from the outer, and but 

fbw from the inner ade ; many of theee branches are 

ramified, and all of them tenuinste in blind extremities 

near the margin of die body. 

610. In Distoma laneedatum, the snotorial pores 
are larger than in D.Aepafiffum,- the anterior sucker is 
perfor^»d by the mouth (Fig. 176, a), and the alimen- 
tary canal, commenciDg by a kind of pharynx, is con- 
tinued as a very slender tube (c) for a short spaoe, and 
bifuroates, each diviuon being oonUnued without rami- 
fication, on each side of the body to die tail, where it 
ends in a blind extremity {S). The ovaria are seen at 
/, and the oviducts at g. The second sucker is at h. 

511. It is a very remarkable fact that nearly all 

the animals parasitic in man, are found in only one 

other animal — the Pig ; and whether we obtain them 

Dbtoow iHDiMo- directly from it, or whether it be another point of close 

affinity between the animal in question and homamty, 

has yet to be determined. 
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iesson'xxx. 

OBOAHS OF NDTEITIOS IK POLrPL 

612. We h&re now to oonaider the straotnre of an extremely io- 
teresting olaas of animitlB, moikrately minute in site, and of von- 
drons be&aty I 

The Vo\jpi (pott/, manj; pet, feet) are so called from their 
geoenl resemblanoe to the many armed Outti&-JithM, and these ob- 
tained the name of "many feet" from the Greek natnraliats. They 
ftre almost nnirersal in their distribntioQ ; inhabiting the fresh water 
pocris in great abncdanoe, they form objects of Borpaasiug interest to 
the naturalist. 

6IS. Bnt for endless rariety of external form, aesooiated with 
erery shade of eolor, we most seek ^^^ ^^ 

for these obarming oreatures in the 
Ocean. 

The limits of tliia work will 
not permit an extended notice of 
those uiimals ; and in the present 
coonectum we are in search of nn- 
trimeotal organs, chiefly. 

514. The fresh waters famish 
three species of Sydra; B. vui- 
garit; M. fusca, and S. viritha, 
or green Hydra. Of these, the H. 
fdsoa is less common, and by far 
the most beantifol (Fig. 177). The 
tentacles, as the arms are called, 
are shorter than the body in H. vul- 
garis, bat in this species they are 
of Tory great length, and when seen 
in ft glass jar groping about, and 
eearohing for prey, present an ob- 
ject of incredible magnifioenoe I 

515. The Hydrse are camivo- 
roDs; feeding npon the minute ani- 
mals (especially Crustaceans) which 

are found abundantly in the same HTdnftwa. 

pools. The instant a tentacle 

touches an animal, althoogh its body may be roteeted bj ft sheU, it 
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dies, — Btnng to deadi, paralynd. It is then seiied b; the terminal 
portion of the teotaole, ftnd oonTeyed to the mouth, while the other 
teotaoles we inoeeavitl; in searoh of food, to snpplj the w&nts of an 
ever hungry stomaoh. This organ oconpies the whole interior of the 
body — there ia no inteatiue ; the terminal portion of the body forma 
a narrow base, provided with a snotorial disc, for the pnrpose of at- 
taching itself to aquatic vegetation. 

516. The aimplioity of stmctnre of these creaturee may be in- 
ferred from the taai, tiiat they may be turned intidt out without the 
slightest detriment \ that whioh waa the external mr&oe inat&ntly 
aisnmes the fonction of a true digestive atomaoh, while the etomaah 
tAkes iq)on itself tho office of a secreting organ, and produces young. 
617. The mode of reproduction of the Hydre is curious : a num- 
ber of little bad>Iike processes make their appearance on the external 
surface, whioh soon resemble the parent in ^ their external ohaiao- 
ters ; each posseeses its moa& and tentacles, and although remaining 
attached to the body of the parent, proceeds to provide for its own 
wants. It is true that a oanal 
"' of oommnnioation eziata between 

tiie parent and the young bud, 
throng which nntrimetit passes 
to help sustain it j but after & 
short time this canal closes up, 
and the young oontuiae attsehed, 
or not, at thdr pleasure. A 
figure is given of a fiu&ily group, 
ench as those persona who have 
kept, and bred these animals, 
will immediately reoogniie (Fig. 
178). The first figure (177) rep- 
reeente two perfect generations ; 
the parent Polype (a), a young 
bud (&), and a more advanced 
one (c). 

This figure (178) shows tJiree 

generations ; Hie oripnal parent 

(a), the first fomlly (6, h), and 

Hydn Tiridto. ^* seoond fiunily, produced ftom 

the first (e, c). 

Bat apart from the process of budding {gammation), there ia 

another mode by whioh they can be produced in great quantity, 
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namely, \>j oatting them in pieces, vben eaoh portioo vlll become a, 
perfect animaL 

518. We ham referred to the Marine Polypi ; do our readers 
obanoe to know that the tvd coral of Commerce, which forma ancb a 
pretty omamHit for the necks of diildren, is oompoeed of Carbonate 
of lime, and once fbrmed the internal skeleton of a family of Polypes, 
by whom it was mann&etured f 

619. The Order of Polypes, to which CoraUitan rvbrum (red 
ooral) belongB, poesess ei^t short, broad, leaflike tentacles aroond 
the month, and in this species they are white. The deeply red- 
eolored skeleton is, as has been said, internal ; it is covered by a red 
fledi, of paler oclor than the ^eleton, and this is everywhere exca- 
vated into little cavitieB, for the reception of the individual Polypes. . 
In this order the yonng coutiune to form a part of one common 
fiunily, which may number several bimdred individnal mombera ; 
they bear the same relation to each other, and the group with wbicb 
they are connected, tbat the leaves bear to a tree. 

520. The ezceaa of natriment rra. iso. 

dne to the combined nutrition of so 
many members, goes to extend Uie' 
common mass ; to make new bone, 
cover it with new flesh, and to place 
in its cells a new &milj of Polypes. 

An iUnstration of this species is 



Bed OOTsl. polrpea In nlW. Polype of ConlUum mbrnm. 

given (Fig. ITS), in which the bone (a) U shown, covered with the 
flesh (i), and the polypes, with the tentacnla displayed (c), emerpng 
from the cells. 

521. To show the general structure, and especially the alimentary 
canal of this polype, a magnified figure is given (Fig. X80). The ex- 
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panded tentiioles are seen at a; at the base of them (&) is the 
mouth ; the Btomaeh, provided with eight vertical partitions (d), oo- 
cupies the centre of the animal At the bottom of the stomaeh is 
an outlet (e) for the transmission of the nutrient matter to a canal, 
which communicates in like manner with the stomachs of all the 
polypes, by which means the nourishment is made available. for the 
purposes of the commonwealth. Appended to the lower portion of 
the stomach are the ovigerous (egg-producing) tubuli (/). 



f 



LESSON XXXI. 

■ 

AGALEPHA. 

522. The surfiice of the Ocean, during the summer months, pre* 
sents a vast assemblage of soft-bodied, gelatinous forms, of every siiei 
from many feet diameter, down to an inconsiderable speck ; all of them 
as transparent as glass, all luminous at night, *and many of them 
sharply stinging the hand that touches them : from this latter pro- 
perty they obtain their name ; the Greek word signifying a nettle, 

528. The best account of these animals is that given by Peion 
and Leseueur, two French naturalists. 

'^ The substance of a Medusa is wholly resolved by a kind of in- 
stantaneous fusion into a fluid analogous to sea water; and yet the 
most important functions of life are effected in bodies that seem to 
be nothing more than, as it were, coagulated water. The multipli« 
cation of these animals is prodigious ; and we know nothing certain 
respecting their mode of generation. 

'^ They may acquire dimepsions of many feet diameter, and weigh 
occasionally from fifty to sixty pounds ; and their system of nutrition 
escapes us. They execute the. most rapid and continuous motions ; 
and the details of their ^muscular system are unknown. Their secre- 
tions seem to be abundant ; but we perceive nothing satisfactory as 
to their origin. They have a kind of very active respiration ; its 
real seat is a mystery. 

'' They seem extremely feeble, but fishes of large size are daily 
their prey. One would imagine their stomachs incapable of action 
on these latter animals; in a few moments they are digested. 
A great number of these Medusae are phosphorescent, and glare 
amidst the gloom of night like globes of fire ; yet the nature, the 
principle, and the agents of this wonderful property remain to be dis- 
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oorered. Some Etbg and inflame the hand that touokea Uiam ; bat 
the canae of this power b equally onknown." 

524. Out ignonuioe of tfaase aniroala ia by no roeanB n profound at 
the present day, albeit mnoh yet remains to be diaoorered. John Ban- 
ter was the first to inject the stomach and oommouioating eanala, and 
thas discorered the extraordinary ronte by whioh the nntriment 
_^ jg, reaches the dig^tire cavity, and also 

the channels by vhi<di the digested 
aliment is distribated for the sup- 
port of the general system. 

The utimal on which the ezpfr' 
riment was made, belonged to the 
Genns Shiiottoma (r&inmia, a root ; 
itoma, a month), and a figure of it 
is appended (Fig. 181). 

525. Every part of the body of 
this Bhimstoma Cuvieri is of the 
utmost transparency, so that the 
internal organs may be distinctly 
seen through the external parietes 
of the mantle. 

Kl>l«.tam.C«yl«L j^^ ^^^^^ ^^^^^ ^ rtomach 

{d), is in the centre, surrounded by fonr ovarial sacs (e, «, a). A 
nnmher of wide vessels extend from the oiroumferenoe of this qaad- 
nngnlar stomaoh to the pur- ^^ j^ 

ple-oolored, highly Tasonlar, 
lobed and respiratory mar^ 
of the disc ^igP- ^^^ ^^ 
182, A, A). 

The pednnde hangs bob- 
pended &om tiie centre of 
the disc, and is divided into 
eif^t branches {e, c), which 
terminate in simple lobed di- 
laUtitms (a, a), having their 
■or&oe muked with numer- 
ous depressions, which are the 
orifices of internal canals [a, 
b, e ), leading upwards to the 
atomach (d). In the middle 
and upper parts of these smb 
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eight bnmohee tihere are fimbriated (fHziged) membranoos eztensioim 
(181, /, 182,/, k)j the numeroas yessels of which also anastomose 
with the principal afloending tronk of each peduncle. On making 
a yertical section of this Rhiiostoma, thus injected, through the 
centre of the disc (182), the internal canals (b, c),are seen, commencing 
from the orifices of the branches (a), receiTing all the lateral absorbent 
canals (/, k) in their course, and uniting aboYC to form one large 
oesophageal passage (m) before entering the central gastric cavity (d). 
The peduncles divide and subdivide like the roots of a plant ; the 
{esophageal canals follow these ramifications, and ultimately termi- 
nate in numerous pores (/), upon the margins of the branches and 
davate (clubbed) ends of the ramified peduncles. Theito pores are 
the conunencement of the nutritive system ; they are analogous to 
the numerous polype-mouths of the compound coral animal. 

Minute animalcules, or the juices of a decomposing larger ani- 
mal, are absorbed by these pores, and conveyed by the successively 
uniting oesophageal canal to the stomach. 

The nutrient fiuid passes by vessels which radiate from that 
cavity, to a beautiful network (182, A, h) of large capillaries, which 
spread upon the under surface of the margin of the disc. Thin 
membranous partitions (182, Z, Q separate the cavity of the stomach 
{d) from the four ovarial sacs, which open externally by distinct 
apertures (t, i). 

626. In some of the higher HedusiB, as in Oetonia aurita (hav- 
ing lobes like the ear), the mouth is single, and opens directly fit)m 
the centre of the lower ear&Loe of the mantle, into a capacious sto- 
mach, from which numerous vessels radiate to a circular canal sur- 
rounding the margin of the disc. The mouth of Cetonia is of quad- 
rangular form, supported by four curved cartilaginous plates, from 
which are suspended four elongated, tapering lips, or tentacula (Figs. 
183 and 184, a, a). On inverting the disc (184) the short, four* 
sided oesophagus is seen in the centre, leading to a capacious gastric 
cavity, partially divided into four sacs (183 and 184, o, c), and from 
each of these sacs numerous alimentary canals (183 and 184, &, b) 
radiate towards the margin of the mantle, ramifying with great rega?' 
larity, but presenting few anastomoses compared with those of the 
Bhizostomes. 

Around the lower part of the stomach the four ovarial sacs (184, 
c) are placed, containing the colored ovaries, and opening externally, 
each by a distinct aperture. From around the margin of the stomach, 
sixteen canals come off, alternately simple and ramified, which end is 
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the oiroalar Tend (184, d) pasung rannd the mugiD, and by pUoing 
the liriug Medim in aea water tinged with indigo, the stomach (18^, 
c), the radiating veesels (164, b, b), and the oircolar marginal oan&l 
(184, d), are soon found to be filled with the bloe eoloring matter, 



while the reat of the aDimal remains oolorlees. The free margin of 
the mantle is fringed with a row of minnte tentaoula, which appear 
to be bighl; sensitive, and in constant motion; the organs of rision 
(according to Ehrenberg) are placed in the slight depreaeiooa around 
the free edge of the disc (e, 183 ; / 184). 



LESSON XXXII. 

OBOAKS OF HDTBTnOtf IS THE SOBrKODEBUA. 

527. The bodies of Star- ^"-^^ 

fishes, Echini, &c., are more 
or leu covered with spines 
(Fig. 185), and hence the 
name of the class, which is 
formed from MiAinus, a spine 
and dgrma, skin ; frequently 
they are called the prickiy- 
skintud animals. 

528.' The digestive ap< 
paratna in the Starfishes, Botainu 

and its immediate allies {Euryalt, Ophiura, or brittle stars, Asieriat, 
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&G.), 18 very umple; like the Hydn, it oonaBta of & au^ me, 
with bat one i^iertttre. 

In others {Oomaivia, JEncrinut), the digeetive ovial is more 
lengthened, and carves upon iteelf, tnd hu an outlet distinct from 
the moatL 

In tbe Edunida (£!«i-urcAtru) and Sbloihurida {S»a-oumm- 
bert) there ig k long, narrow, oonvoluted intestine, passing thron|^ 
the body, with very slight gastric enlargement 

In the higher forms of Star-fishes (Holotharids) the folds of the 
long intestine are connected by meaiia of a highly vascalar mesoi- 
tery, which, whether injected artificially or otherwise, presents an ob- 
ject of surpassing beauty. 

529. The mouth of the Asttriat {Fig. 186) is placed in the oeo- 
tre of the inferior sur&oe of tiie body, surrounded by long tuhuUr 

Pij jg^ tentacula, and pro- 

tected by fasciculi of 
calcareous spines. 

By means of a 
very short (esophagas, 
it leads directly to a 
wide and very dilata- 
ble atomacb (a), pro- 
vided with a distinct 
internal mnooua lin- 
ing, and an external 
muscular ooat. 

It occupies the 
whole central piirt of 
the body, from which 
the marginal diTisioDS 
originate; From the stomaciL two long, tapering, ramified oceoa, 
which commence by a single tnmlc, are ^ven off opposite the com- 
menoement of each ray, and are distributed throu|^ it in a central line, 
BO that collectively there are ten pairs of the oceoal appendages (&, b). 

530. Each of these caeca is attained to the int^ment along the 
upper part of eadi ray, by a delicate vascalar membrane. In addi> 
tion to these appendages, the stomach is also provided with small, 
short cteca (blind sacs) at its upper part within the disc, and at its 
mdes, between the great cceeal trunks of the rays. * 

531. The Echinida (Fig. 187) present a more elevated form of 
the sntrimental organs ; the month is fdraished with five large and 
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powerftil teeth, called tlie " Laatem of Aristotle," for &9 commiim- 
tion of the food (Fig. 188). It u a dnguUr fact that, in thie Claas, 
the nnmberjftw, or ita moltiplea, ooastantly meet ns : five niys,^iv 
teeth; <«n c«oal appendages, and so on. In the CUaa Acalepha, 

Fra. 18T. Pm. IBS. 



il arguu, Kehlnm. 



Tht laDlern or ArritoUe. 
o,TbeTB»tlu 
A, Th« AlTwlu pro- 

e, Hiwki tor tbe ittMb- 



/owr and its mnltiples are as constantly found ; the tentacles Krafour 
in number or eight ; and this principle is oonetant in these two classes. 

532. The teeth (I'ig. 188, a) are three-aided prisms, dense at the 
lower, pointed extremity, soiler at the base, with their inner edge 
sharp and fit for cutting; they are each implanted in a larger trian- 
golar pyramid (&), two sides Sf which are in close apposition with 
opposite sides of the adjoining pyramids, and are transrersely grooved, 
likfi a file. 

A farther view of two of these teeth, in apposition by tbe alvech 
lar processes, is given (Fig. 189). The upper, soft portion of the 
teeth is shown at a ; the terminal, hardened p^^ j^ 

part at h ; the alveolus at c The secretion 
of some simple salivary folIicloB assist in oom- 
pleting the mastication of the food. These 
teeth are put in motion by a series of well- 
developed mnsoles, said (by Valentin) to oon- 
nst of the striped fibre. 

538. In the cavity of the lantern is the 
pharynx, which is divided by five longitudinal 
folds ; the salivary cgeoa are plaoed in its im- Two of u» iwh ofXeU- 
mediate no^borbood. A slender cBsophagoa 
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(c) leftda to the gastric portion of the intestine (tt) ; and that oanal 
twioe winds round the oiroait of the abdominal cavity before its final 
termination. The intestine is generally foond loaded with fine sand ; 
its Rirfaoe, and that of the vasoalat mesentery, is oorered with a rieh 
network of oapillaiy Mood-TeBsels. 

534. Near the (BBophagiis is a fusiform, dilated, oontnotileTeside; 
this is the heart, and by tying a small pipe in it, and passing tnjeo- 
tion thiongh it, the whole rasonlar system will be beantifolly dis- 
played. A tnink proceeds from the heart, which forma s oirole ronnd 
the DBsophagna, at the base of the lantern ; a seoond tronk proceeds 
from the opposite end of the heart, and forma a similar circle round 
the Tent ; an artery and a vein also run along the concave margla of 
the intestine ; the blood is of a yellowish color, and exUbits a dis- 
tinct nucleus. 

HOLOTHUBIA. 

535. These aniinalB have been likened to a lengthened Eohinns, 
deprived of its calcareous plates, and with its axis extended in a lon- 
gitudinal direction. The skin is osoally soft and leathery ; in a few 
genera, strengthened by calcareous spines. Five avenues of saoken, 
terminating the long retractile tubular feet, divide the body into aa 
many longitudinal segments, which, in the majority, are of equal, or 

nearly equal dimensions. In some species 

Fio. 1(0. ,1 il J 1 ■. 1 

the suckers are developed only on- one 
side ; in other species the body is entirely 
covered with them ; the snokere are dmt- 
lar in every respect to those of Ecbioi 
asd Star-fishes. 

636. The mouth ia sorrounded by 
plumose tentacula, usually of great beau- 
ty; when complete, the number is al- 
wa^ five, or its multiple (Fig. 190). 
The tentacula can be withdrawn into 
the mouth by means of its proper 
musoles, and in captivity they frequent- 
ly tantalise the eager naturalist by re- 
taining them in the interior of the 
body for days together ; nay, they often 
die with them in this position. 

587. They are provided with a oirde 
of teeth, analogous to those of the 

CDCuniarU Itgniluu. Echini. 
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638. The cBBOphagus passea through this circle, wai opeos iDto 
a more or leaa muscolu stomach, from which an iatestine, oftcD very 
Complicftt«d, proeeeds to the posterior portion of the body, where 
it dilates into a cloaca, from which two long ramified tubes (the 
respiratory organs) originate, These iacta are demonstrated in the 
annexed figure of Sotatkuria eUgans (Fig. 191). 

The month is shown at a ; the tentacles, in this instance retraot- 



RelMbnrli «leguu. 
ed, at b ,■ the stomach is seen at i ,- a biliary felliole (or, what is more 
likely, the ampnlla Poliana, a bottle), which would aeem to be pecu- 
liar to this species at e ,- the rery long, convoluted intestine is con- 
tinued from the stomaoh, and designated by the same Letter d, d, d, 
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until it tenDinateB in the cloaca,/; it is connected to the body in 
several places bj a mesentery of groat yasoolarity («, «), which also 
connects one fold of the intestbe to another. 

539. The branchiss (gills, A), which arise from the cloaca, give 
off a great number of ramified branches from the central stem. 
They are always filled with sea water, from which the gills possess 
the power of eliminating the oxygen ; the yesicles, or cells of the 
gills, are described at m. The blood-vessels which pass from the 
mesentery to the gills, conyeying the blood to be aerated, are shown at 
n / and the external opening of the cloaca at g. 

Seen in a recently killed specimen, these gills form a very inter- 
esting object ; they then seem to exhibit a constant yermiform mo- 
tion, which coDtinues long after the apparent death of the animal 

540. One fact in connection with Holothoria is too remarkable 
to omit Those persons who handle a living specimen for ihe first 
time, will be surprised to find that, without the slightest provocation, 
the integument suddenly bursts, and the whole contents of the body 
are violently thrown out ; neither is this all, for, if the emptied skin 
be thrown into a vessel of sea water (whjch should be renewed dally), 
the alimentary canal, and all the lost organs — Including the teeth 
and the tentacles — ^will be reproduced. 

541. This act appears to be due to the excessive irritability of 
these animals, which, when once excited, appears to be beyond its 
power to control. The muscular system is of enormous power, es- 
pecially in the transverse direction of the body. 

542. To enable the creature to shorten its length, and to retract 
the head, strong tendinous chords are attached to the muscular coat; 
of these, five are devoted to the head alone. 

543. The Cucianariafrondosa is the reputed largest Holothoria 
kiK>wn ; Fig. 190 is copied from a specimen, now in the Huntwian 
Collection, England, which measures twelve inches in the dead state; 
beside it, in the Museum, b a preparation of another individual of 
the same flpecies, which, in life (sometimes) measured three feet — 
it did so at the moment it was killed, and at the instantr-rcontracted 
to four inches, all that it measures now. 

644. The sexes in these animals are separate; the important 
organs of the female — ^the tubuli containing an immense quantity of 
ova — are seen at k. These, filled to repletion with their valuable 
contents, form a very interesting object for the microscope, while the 
rich orange color of the ova contributes greatly to the attracUveness 
of such a proparation as that figured. 
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645. From ib» aimiing nomber of OTft deponted ij tlie TBrioos 
speciee of HolodiarU during only one Beawm, tilief ou^t to be the 
most abandant of «11 autmals, instead of being moderately rare ; ttti 
probalolity is that their egga are greedily eaten by imal] fishes, Me- 
dusas, some Zo<^faytee, and, in fine, by the host of small Carnirora 
iDoident to the ooean. 

A preparation iJ the Ovarium of Gneomaiia frondon, diaseoted 
oat of the body, is shown in Fig. 192. The tabnli are anapended by 
ji^jl^ the ovidont (a), tiie tnbea 

}>nag qutai fidl of ova, of a 
rich orange color. The organs 
of reproduction are placed in 
die head, between the ten- 
taenia; the external orifioe 
of the oridnot is a small, dark- 
eolored papilla, vbioh (onless 
carefully eonjj^t for) might 
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easily elude 4stectioa An enlarged Tiew of these ovarian tnbuli, 
showing their contents, is pven in Fig. 198. 

646. One of the most elegant preparations the animal kingdom 
can furnish, is the reaptrttory oi^^ans of Holothuris. 

Those of Cncumaria fhmdosa are reduced from eleven inohes in 
hei^t, and shown in Fig. 194. The cloaca (a) is entirely covered 
nth strong, flat muscles, which were attached to the musenlar ooat 
of tjie integument. Great muscular power is necessary to this organ, 
whose eonstaut function it is to draw water from the ocean, pump it 
up to the minutest sac, or modified air cell (rf), and discharge it 
when unfitted for Airther use. Beside the Oloacal outlet, there must 
be a series of minute apertures, which have hitherto defied discovery 
in connecting with this apparatus, for, if a specimen (previously so- 
eustfuned to handling, by being tickled daily, in sea water) be care- 
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ftilly lifted oat of the Tessel oontaining it, on the palms of both 
hands, five beantifnl, minute jeta of water, orossing each other in 
various directions, vill frequently be seen ; eo great ie the quantity 
of water contained in the respirator; apparatus, and bo small the 
apertures, that the streams vill continne steadily to flow for half an 
hour. 

547. The intestine, which, as before deecribed, also terminates in 
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the cloaca, is shown at h; the respiratory tubes, with their ramified 
branches, at c. These organs, like the alimentary canal, are confined 
to a given situation in the interior of the body : the latter, by means 
of the mesentery, the fermer, by a series of round, white, tendinous 
chords («, «). 

Authors who have only seen such a preparation, and know nothing 
of its connections by manual exaimlnatjon, have greatly mistaken the 
character of these tendons i thus Grant (and others) describee ibem, 
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" as foUides," and add that " they poor their secretion iitto the rei^i- 
ntoiy organs." * 



648. The rough Syrinx, Tube-worm, or Sipnncalus, according 
to modem elassifoation, is a very onrious animal, and as much (ap- 
parentlj) unlike a Star-fish as can be imagined. It is, liowever, 
closely allied to Holothnria. 

549. The body is cylindrical, and covered with a strong coriaceous 
(leathery) integument, generally rugous (wriDkled), except at the 
posterior extremity, which is longitudinally grooved to its termi- 
nation. A specimen, about two inches long, is represented in Fig. 
195. On opening a umi- 

■I . ^^ Fu-IML Fro. IWL 

liar speounen, a very on- 
rions condition of the 
untrimental apparatus 
presented itself j the gas- 
tric cavity (Fig. 196, a), 
is dearly diatingoish- 
able ; this terminates in 
an intestine (i) apparent- 
ly filled with fine sand, 
which ia of considerable 
length. It descends in 
a tortuous course to the 
pcMterior portion of the 
body; it then winds upon 
itself in a series of close 
folds, and tenniQatea by 

a small tube (c) at the- g^p^^^ Nntrioi™tal orgwu. aipancotai 

vent, which is situate 

near the base of the proboscis (the latter not exceeding one-tenth of 
the body in length), close to the anterior extremity. The longitu- 
dinal muscles are beautifully displayed, and several strong tecdona, 
some oblique in their position, are equally well shown. Two long, 
narrow, sacculated bodies {d, J) lae seen, but whether they arc 
glandular, or Ampulln (like a bottle ; the heart of Holothuria is 

■ In the ytv IBtl, tlu utfaot lud Uditetn UilDg ipeehatiu «r C. frDndoaii, In Iila p«H*- 
ilun In KdlDbnrgh. Aft«r iniietj of lotcn 
dlipl^td tlislr *ii«tomy In ■ mH« of prepu 
Inp of UMm, of sMnnl d», hs ponEMifc 
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Ro oklled — tuiiBlly witb the kdditiod of the hum of hi diaeorarer, 
j^ UT, Poll — thus : smpalU Poliwu), or belong to the 

leprodnotiTO fdnotion, is diffionlt to n; — meat 
likely the latter. Out otfour »TiiiiiftlB of this 
spectes dieaected, uid made into prepantions 
(vhioh exist), no true of teatunlk vu fbtuid 
in either of them. 

The mnscnlar system in these tnimila, lihe 
that of Holothoria, is poverfiilly dereloped. 
It b arranged (as already shown) in longitudi- 
nal parallel fibrea, iriiilet the head can be re- 
tracted by a very strong tendon, attached to it, 
and jnaerted by a broad expanded base, below 
the lower third of the animal's body. 

A view of the masoalar eystem, diweoted 
UdmoW .jXMii. sipMi- oit of •*>« mtegnment, ii giTon in Fig. 197. 
cuiu. ^i,g muMdes are described at a, and the tendon, 

abore re&rred to, at h. 



LESSON 2XXIII, 

OBeAlUS OF NUTSmoS IK THE AHSSLUlTA. 

550. The Latin name wUeh distii^iaiahee tlua class is derived 
.&om atieSiM, a little ling, the bodies of all the individuals belon^ng 
to it being omnposed of a series of little rings, or aegmenta. 

661. A peonliari^ of Ais ehus is, tiutt they ^ poeeeas oolored 
Uood, generally red, althon^ in some ^eoies it is yellowish ; from 
. this oircnnistanoe they are very nsnally called "the red>blooded 
vorms." Many of theae animals are Terrestrial (belonging to the 
earth), as the oommon Sarth-worm {iMobrina Utrttbrit), or An^ 
mrm, bnt by &r the greater number are inhabitants of the ooean. 

552. The most attractive portion of the atnutnre of a majority 
of the marine worms, is the respiratory tuft, which is placed (in 
smne speoiee) at the summit of the head. A very common marine 
worm is the Strjpula coKlortuplieata, a figure vS which is pven 
(Fig. 198). 

55S. When all is quiet, and the creatures are luxuriating ' in 
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their tutire el«ni«tt, they thnut their rMplr&toT7 organs (c) tar 
kbore the hand, the Tibra- rm. lo'. 

tile eilk being, at the 
•kme time, in ntpid mo- 
tion. Bat if anj thia^ 
dianoe to disturb them, 
the respiratory tuft is 
iDstantly witiidravn into 
the tube {a) in which the 
bodj is oontsined, and 
the oonioal phig(fr), form- 
ed like the shell, of ear- 
bonate of lime, bat oov- 
ered with flesh, is drawn 
tightly down, and efiect- 

nally closes tiie entranoe 8-.pak «nu.rfi,.k.«iL 

to the tube. At the top of the conical plug a pair of forcipatod 
instrnments are plaoed ; it is their fano- pie. lu. 

tion to oolleot sand, and " pnddle " it 
down, so that tt fill entirely tlie eonoare 
enmmit with a oompaot layer of sand ; 
by this expedient they iireqaently ea- 
mp« molestation by even pretty good 
naturalists, who affirm that " the ani< 
mal is dead, and the shell filled with 
sand." 

661. Mnoh nnifbrmity of plan pre- 
Tuls in &B stmetnre of the nntri- 
niental organs in this olan, oonsisting 
for tho most part of a tabe, generally 
pooweaing enlargement of the gastrio 
oavity (stcunaeh), whieh paoee struct 
throng the body. 

555. In some of the hig^ worms, 
■8 in the Sea-mouse (AphndUa aetf 
Itata), the strong mosonlsr, {pnard- 
like stomaoh is supped, at its terminal 
portion, with the eeeretion of a great 
number of long fbUionlar ^ands. 

656. In the annexed figure of it 
(Fig. 199) the month is shown at a, a A]iiii«iiui7iiuui,AphniditaHiiiMt& 
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dense fleshy prof>osoifi at h, the central portion of tiie digoetive tabe, 
which repreeentB the stomach, at c; lateral, oBoal appendagea at d, 
and the vent at $, 

567. The Leech presents an int^reBling form of the nntrimental 
organs ; the month ia triangular, and armed with three v^g. Mt, 
crescentic jaws (a, a, Fig. 200), presenting their sharp 
oonvez margin toward the oral cavit;, which margin 
is beset vith uzty email teeth (Fig. 201). 

It is by the action of these little saws npon the 
tense integnment seized by the labial sucker that the 
triradiate bite of the leech is made ; the muscles of 
the jaws are marked b, b (Fig. 200). 

558. The {Eeophagns ia short, and terminates in a 
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singularly complicated stomach, divided by deep conatricttona into 
eleven compartments, at the aides of which are coecal pouches, pro- 
greasively though slightly increasing in length to the tenth, and dis' 
proportionately elongated in the eleventh compartment (Fig. 202). 

559. Army Surgeons, who have required more leeches, after an 
engagement, than they possessed, have availed themselves of the 
knowledge of this peculiarity in the stmctnre of the creature's ftlir 
mentary canal, to make one leech do the work of several, by rimply 
cutting off the lover part of the body, wheq the blood pours oat in 
a rush, emptying the canal immediately. 

Theret^ter, Uie leech continues to anck blood, as long as he ia 
permitted to do so ; he always feela empty — so his appetite oontinne# 
Toraciona. 

560. It is a common practice (in Europe), after a leeoh has left 
a patient, to throw salt npon it, to produce Tomitiog, which it in* 
variably does, but it kills the leech. 

561. The best plan is, to hold it firmly at the posterior portion 
of tbe body with one hand, and draw it steadily throng two fingers 
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of tiie other band, oring some pressore kt the same time. S7 this 
mode of " stripping " the leech, the stomaoh, and the lateral poaches 
will be entirely emptied and the animal soon becomes ready to 
ranew hie labors. 

662. Althoogb erer ready to relieve suf- ^™' *^ 

fering hamaaity of inflamed, or otherwise 
diseased blood, this does not constitute the 
natund food of the leech ; it b well known 
in the sick room that, vhile the majority of 
them die from the effects of their first san- 
guinary meal, those of them that recover re- 
main in n weakly condition for some weeks 
afterwards ; and it rarely happens that one 
leeeh will do duty a second time. 

5C3. In the sand-worm (jirenico.'ajiisco- 
toriunt — the fisherman's worm) the blood is 
of a most brilliant red, and the highly rascu- 
lar, respiratory tnfls, form charming objects 
{I, I, Fig. 203), with or without the microscope. 

The mouth is at a ; the gastro -intestinal 
canal commenoes at the termination of the 
cesophagus (&) by a sudden dilatation, into 
which two C(8CaI glandular pouches (c) pour 
their secretion ; the rest of the canal is sim- 
ple in its ontward form, but its walls are 
thickened by a stratum of minute secerning 
cells {g"), which prepare a greenish yellow 
fluid. 

The circulation of the blood in this worm 
is very interesting ; there is on each side of 
the cBsophagus, at its lower part, a contrac- 
tile sae {/), which sends off a large and 
short vessel downward, toward the middle 
ventral line, where, meeting with its fellow 
trunk, a ventral vessel («) is formed. This 
vessel («) furnishes a pair of transverse 
branches to each ring of tho body, which, at the seventh segment, 
penetrate the branchial tufts (I, t) attached to the sides of that and 
succeeding middle segments of the body. The pulsations of tho two 
(Esophageal ventricles (/) propel the blood into the ventral vessel 
(c), through the vessels (t», tn) to the ^lls, where it receives a new 
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impulse by tlie oontnetiotu of these orguu, kdA, after hsviog boen 
oxygeniied, it is returned, partly by Teasela of the skin, bat ofaiefiy 
by a direct and oontinuoiu lateral veaael (Jt, k), to the doraal artery (^). 
This artery extends irom one end of the body to the other. At 
its middle part it teoeiTes many transrene branohea from the dige»- 
tire tnbe, and throng them joins the infeior inteatinal rein (A). 
The Tasoolar networit thus formed around the intestine gives origin 
to two veins at the sides (i), vhioh terminate in the dorsal resael, 
immediately behind the Tentrioles (/, d). 



LESSON XXXIV. 

0B6ANB OF NUTEITION IF THE XPIEOA. 



564. The Epiioa («pt, npon ; mon, 
an animal) form a most extraordinary 
olasa of animals. They are external 
parasites, nsnally on the bodies of 
Fishes, vhere they attach themeelTes 
to the akin, the eyes, and the gills. 
Their number is prodigious, probably 
exceeding that of the fishes they infest. 

Limited space will not albw of 
more than one illastration of this 
class— the A cthmrMpercarvm — found 
attached to the eye of the Perch. 

565. The mode by which tlie Ler- 
nna (as these animals were called by 
Linniens) adhere to their prey, is pe- 
culiar, and charaoteriatio of the class. 
A pair of hollow, tnbnlar feet, ad- 
hering by their terminal extremities 
(Fig. 204, 1, l), gives origin to a cup- 
shaped sucker (f») ; this is the instru- 
ment of adhesion. 

566. The mouth consists of upper 
(S) and under jawa, the latter pro- 
vided with feelers i besides these, a 
pair of jointed antennse, each termi- 
nated by three small bristles (a). 
The alimentary canal is, as in aU 
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tbese ■nimalwi strai^t, and tenninatee by a vent, tt the extremity 
Ojppoate to th« lieuL The inteBtinie is fiuiferm, and dirided hj » 
eeriee of slight ooDBtrictiona into taoonlt (niniite bms, d). 

It ia maiutuned in its podtion by a transTene mumle (A) ; the 
walls of the abdomen are disduotively provided with lon^tadinal 
(i) and transrerse {k) fasoieali of moaoolar fibres. 

667. The narTons system oouists of a single eephalio ganglion, 
placed on the ventral boAm, from which are oontinoed two prioei- 
pal chorda (g, g) extending along the oader surface of the body. 
The heart may be seen in the middle line of the oephalo-thoraz 
(bead, chest), pn^)elling the blood forwards. Two canals pass 
from it into the hollow ftet^ the rest of the blood is distribnted to 
the head, and along each side of the oonunenoement of the alimen- 
tary canal to the nnder part of fte body, when it passes backwards 
in the Tessel itbiah aooompanies the intestm& 

568. The oraria (o, o) at first ^ipear as long, blind tabes, sac- 
colated along the oater side. As the era become developed, the 
ovarimn takes on the form of a bunch of grapes, 

and oocnpies the whole cavity of the abdomen ex- 
ternal to the intestine ; each ovarium terminates 
by a triangular, and somewhat prominent orifice, 
to whieh the txtemal ovitac -(y) is appended. 
This latter straotnre agrees witlk the ftirm of ex- 
ternal ovisac in the lower onistacea, into which 
the ova pass from the abdominal cavity (having 
attained a certain degree of matnritj) through the 
oviduct », for their fall development, previous to Aeib.Mj««nun 
the fertiliiing influenoe of the male. 

569. The disparity of sise in the sexes is considerable, as appears 
by the annexed figure of the Male Actheres (Fig. 205). 



LESSON XXXT. 

OSOASe OP HDTErriON IN OIBBIFEDU. 

570. Like the Epizoa, many of these animals are parasitic, but 
oolike the latter, these have only a reudence on the bodies of ani- 
mals, obtaining their food from other sonroee : thus the Tvbxcindia 
is parasitic in the skin of the Whale, but it does not obtiun its suste- 
nanoe, or any portion thereof, from the animal whose skin it inhabits. 
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671. The Cinipede (meaning curled fett) are dmded into two 
orders : those having a pedunole u an organ of attachment, are the 
L^ads, and those vhicb are tatiiia (Bitting oloae iq>ou the body), are 
the BcUanoids. The first, are commonlj called BamacUa; the 
second, Aeom-theUa. 

672. The Tisoeral maes in this class is ngnally protected by a 
ealcareons shell oomposed of several pieces ; bat in Otion comu&t, 
the TiBcera is protected b; the development of a horny sheath. 

673. In the common Barnacle {Lepat onoft/mt), foond so 
abundantly adhering to ships' bottoms, the oalcareona matter extends 
from five centres, so as to afford protection to the whole body : the oe- 
phaUc pur of valves la the largest. All the valves are strongly marked 
with lines of growth, formed by successive additions to their margins. 

574. The sesule Cirripeda [Acom-shelW] are defended by a 
multivalve shell; the base of which is generally formed by a calca- 
reous plate, and the walls are apparently divided into twelve conical 
compartments, six of which rise from the marpn of the base and 
terminate in a point at the &ee mai^b of the shell ; whilst the 
other six, in the form of inverted cones, occupy the interspaces of 
the preceding series. 

675. One illustration of the structure of a Lepad will suffice : 
P^ 20(1 animalcules, or other proper 

food, are brought to the 
mouth (a. Fig. 206) by the 
cirrigerousfeet (£), and seised 
by the lateral jaws; they 
are then conveyed by a short 
CBsophagns to a dilated stom- 
ach (c), which receives the 
ducts of two salivary glands 
(i). Gronps of hepatic caeca 
are developed from the walls 
of the stomach. The mtes- 
tine (<Q is bent npon the 
stomach, and Xipen with a 
slightly unuons course to ter- 
minate at (s), the base of the 
csmdal appendage (/). In 
these pedunculated Cirripede, 
_,_ slender oonioal branohiie (a) 

are attached to the base of 
the maxillary foot, and to that of some of the cirrigeroos feet 
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In the pednnciilated Oirripeds, a large grantdar, glandtilar mass 
ooveni the visoera immediately beneath the muscular tunic of the 
body ; its numerons ducts sucoessiyely unite into three or four prin- 
cipal trunks, which terminate in a lateral receptacle (A) at the side 
of the intestine. In Lepas, a duct is continued from this receptacle^ 
which passes through the canal of the extensile tail {%), 
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LESSON XXXVI. 

ORGANS OP NUTRITION IN THE CRUSTACEA. 

576. In these animals we find a class of articnlata, in which the 
segments of the body are provided with articulated ( jointed) limbs, 
or appendages. They are aquatic ; only a few of them being able 
to support themselves, and that for a short time, on land. 

577. Their breathing organs, or branchiso, are organized for 
aquatic respiration. 

578. In the highest individuals of the class, the Crab, and the 
Lobster, the external layer of the integument is hardened by the 
addition of earthy material, consisting of the carbonate, with a very 
small proportion of the phosphate of lime. In the smaller and lower 
Crustacea, the tegumentary covering retains a flexible, homy texture. 

In a great proportion of the class, the body consists of twenty- 
one rings, of which seven are more or less soldered together to form 
the head, seven more enter into the formation of the thorax, and 
the remaining seven constitute the body. The great ponderosity of 
the skeleton of the lobster, by the deposition of such inordinate 
^pantity of the Carbonate of lime, is essential to its well being, its 
great weight having the effect of keeping the animal at the bottom, 
notwithstanding the turbulence of the ocean. In these animals, the 
smaller claw is provided with two rows of pointed, sharp, cutting 
teeth, used as shears to divide its food ; the larger claw, on the con^ 
irary, is furnished with two or three short rounded tubercles, and 
endowed as this claw always is with enormous muscular power, the 
instrument becomes a most efficient anchor. 

579. The means of locomotion of a lobster in the water is pro* 
digious ; it expands the five plates, constituting the terminal portion 
of the body (or tail, as it is usually called), and by a single down 
stroke it is propelled a distance of from 16 to 20 feet ! 
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680. The mooA in tbo hi|^ ernttaoM it genenllj fdrniabed 
witl) a pur of itroug pal^erow mmndiblea, and fire or moro pun 
of jointed nnder jam, vhidi more transrerBelf , and aiq)port vtioii- 
kted feelers; the three oster pairi erf under jaws u« the Urgest, and 
■npport gilli at tbeir baas. 

681. The «nta«iua of the mondi preaentt u npper Up, a bifid 
toDgoe, sad mnetimee an under lip. The mouth catena by a rer; 
short, DBrrow oeaophagoa into a capamous stomaoh (Pig. 207), pro- 
vided internally with a great nnmber of minate (mioroaoopioal) 
teeth ; in additica to these, there are three very large oaloareona 
teeth, aitnated near the pyhnie orifioe of the etomach, thetr external 
portion being remarkable for their redneee. 

In ■ F*"'i"'"g the external a^eot of this stomaoh, the rery short 



teBophagoB (h) ia seen to terminate tnunedUtely in the o^Hunous di- 
gestive BBO (d), at the upper portion of whioh a pair at short, strong 
jaws («) are seen. A number of strong oaloareoas bones, longitudinal 
in their direoticm, support the membranous portion of the stomaoh, 
and fbnn a solid basts for the inpport of the large teeth. The oen- 
tral roimded tooth (b, Fig. 208) is supported upon a large, aomewhat 
triangular bone, transverse in its direction. The entire organ is oor- 
ered externally with a layer of masclee of great power. The pylo- 
rus is shown at a (Fig. 207). 

682. Two of these teeth (a, Fig. 206) remmble the grinding or 
molar teeth of an Elephant, whilst the third, whioh is placed in 
front, and somewhat below the former, has a rounded termination {b\ 
The lateral teeth are employed to out, divide, and oomminute the 
food, whioh is performed by a rounding motion, like the action of 
one mill-stone upon another; the third tooth b employed in oonsUnt- 
ly pushing the food, as it esoapes between the grindiog teeth, back 
again, to be more thorooghly triturated. 
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The idiide of tliu various gastric appttntns (die time large teeth) 
oonstitnte wh&t is popolAily called " the lady, is the head of the 
Iiobster," and, when mrerted, the rounded tooth penoiiBtea " the 
lady," who is supported by the two lateral grinding teeth. 

688. The alimentary oanel panes, withoot ODnTolntioiu, throng 
the long axis of the body, and opens by disdnot apertures at each 
■extremity. The mneons ooal sometimes fonus folds in the cesopha- 
goa and stomach ; the mnsoolar layer is strongest at the orifices of 
the stomach, and there is no meeentery in the abdomen. The py- 
lone extremity of the stomach receives on eaeh side a Bh<^ and wide 
dnot bom Ihb lirer, but this part of the subject will be best under- 
stood by re&renoe to the accompanying figar& 

A lon^tudinal aeetion of a Lobster {Attaous maWnuc) is pven 
in Fig. 209. The undn jaws (a), with their feelers, are placed on 
the inferior aspeet of the head, between the large olaws and the two 
pairs of antmuue. 

The short cceophagns opens into the '"'■ ■'* ' 

stomach (b), which is rorrounded by the 
numerous lobes of the lirer (n, n). The 
intestine (o) receives at its commence- 
ment the two hepatic duots, and passes 
beneath the heart («) ; the posterior aor- 
ta (A) follows nearly a straight oourse to 
Hm Tent, which is sitoate below the last 
segment of the body (ti). 

684. The anterior aortio vesel (/), 
and the pohnonary vein (g), are both 
distinctly eeen. j 

686. In addition to the Tsscnlar sys- 
tem already deaoribed, oonristing of the 
heart and arteries, there is yet another 
portion of the utmost importance, name- 
ly, venoui stnuws. 

686. Instead of Tnna, the blood is 
returned to the heart by these stmo- j 

tores, which are large, loose sacs, the 
coat of which is of delicate transparen- 
cy. The heart itself is enclosed in a Te- 
nons sinuH, and lies literally bathed in 
blood. These sinuses communicate ™ 

freely with each other, sad with the arterial Bystem. The best way 
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to procure a minute injection of a lobster, is ta put a pipe into a claw 
and pass the injection through it. The Tenos sinuses will fill first, 
afterwards the arteries and the heart. 

587. If, in the ferocious combats to which the lobsters are always 
exposed, one happen to wound a claw of its adversary, the. injured 
lobster instantly casts off the limb, always at a particular joint — ait 
the second articuiaHan. ' If this were not done, the animal would* 
soon bleed to death, in consequence of the laoeratdd yenus sinus. 
Cast off at the joint indicated, provision is made there, but nowhere 
else, for the perfect contraction of all the soft parts, and, as the lob- 
ster possesses the power of renewing lost portions of its structure, no 
permanent injury results. 

588. The membranes composing the walls of these sinuses are of 
such extreme tenuity, that they can only be demonstrated by the aid 
of the injecting syringe; the most careful and accurate dissection 
&ils to discover them. 
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LESSON XXXVII. 

OBGANS OF NTJTErriON IN INSECTS. 

689. The intestinal canal of any animal is the tube which com- 
mences at the mouth, and is devoted to the reception of nutriment, 
whereby the growth and development of the individual may be pro- 
moted, and the wear and tear, and positive loss since the last meal, 
may be compensated for. In all the higher animals this canal pos- 
sesses an opening at the opposite extremity ; that this is not essen- 
tially necessary we have abundantly seen in relation to classes al- 
ready discussed — Infusoria; Eniozoa; many Polypi; the AcaU- 
pJia ; and AsteriaSf amonst the Echinodermata. 

Examples of this condition are not wanting in Insects, but it 
rarely occurs, and is only met with in the infantile condition (larvso, 
maggots), and never in the perfect insect 

590. This canal is subject to great modifications of distension 
and constriction, whereby it is separated into a variable number of 
divisions, and as the fimction of these divisions is dissimilar, they 
have received different names. In addition to the partition of the 
canal, there are peculiar processes, or appendages, which either origi* 
nate firom or open into it. 



JJOBOS 37«] NUTBrnON IN INBBOIB. 129 

591. The intestinal eanal of XnaectB conBists of three membranes; 
the innennost membrane is smooth and textnreless, and variously 
armed with homy lines, ridges, or teeth. It is most distinct in the 
pharynx, crop, and proyentrionlns, or gizsard. 

The second layer is white and smooth, and, although usually thin, 
is sometimes thick and spongy. 

The third (outer) layer is a compact^ firm, fleshy, muscular coat; 
it is not equally observable in all parts of the intestinal canal, but is 
readily seen in the pharynx, stomach, and cplon, but it is lost in the 
crop, or craw. 

692. The length of the intesrtiine in Insects appears to be governed 
by the same law that regulates it in other animals; those that feed 
on v^etaUe matter usually possess a longer and more distended in- 
testine than those which feed on animal matter, in which it is shorter 
and narrower. 

593. In this class the intestinal canal is divided into the pJio- 
rynXy the CMophaguSy the crop, or craw, the pravehtrictdus, or giz- 
zard, the stomach, the duodenum, the ileum, the ccBoum, and the 
cdUm. 

594 The appendages are the ealivary glands, the liver, and cer- 
tain vessels supposed to constitute a kidney. 

595. The several parts enumerated are never all present in the 
same individual; sometimes one part is wanting and sometimes 
another. Thus, insects with a suctorial mouth have no need of a 
pharynz ; neither do they possess a gizzard, for, feeding upon fluid 
food only, they have no need of such an organ. The part most usu- 
ally deficient is the duodenum, which has only been found in some of 
the beetles; after this the ecscum is less usually found, as it belongs 
only to those insects which feed upon animal matter. 

596. The biliary vessels are seldom wanting, the salivary glands 
firequently, and the kidneys very generally. 

597. Thb Phartnx is the funnel-shaped commencement of the 
ossophagns, and is only found in mandibulate insects; it is of large 
siie in grasshoppers, cockroaches, and most caterpillars. 

598. The (Esophagus extends from the pharynx to the stomach ; 
it is distinguished from the pharynx by its smaller capscity, and from 
the stomach, by its different structure. In the Lepidoptera (butter- 
flies and moths) it is double for a space, and then united into one tuba 

599. The separation of oesophagus from stomach is sometimes ef- 
fected by a constriction ; sometimes it passes insensibly into it, and 
sometimes the crop intervenes between them. 

9 
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600. It has been remarked that the crop is absent in rnseots pro- 
vided with a ERictorial mouth, but all these possess a peooliar organ 
not found in other inseots ; this is, sometimes, a bladd6r-shi^>ed disten- 
sion of the oesophagus ; in others it forms a distinct bag, which opens 
into the oesophagus ; and in still another order it hangs appended to 
the oesophagus bj means of a long, thin duct, frequently far in front 
of the stomach. 

601. This organ is the tucking^ or pumping stomaek; its func- 
tion does not consist in being a receptacle for nutriment, but in pro- 
moting the procuration of it, by distending at the pleasure of the in- 
sect, and by the rarefaction of the air contained in it, facilitating the 
ascent of fluids in the terminal proboscis, and oesophagus. But the 
action of this organ will be more fully explained hereafter. 

602. Thb Psotentriculus, or giszard, is the third division of 
the alimentary canal ; it is a small, narrow, and tubular cavity, fur- 
nished with teeth, spines, or homy ridges. It lies in front of the 
mouth (or commencement) of the stomach ; it is found in all insects 
prone to feed on hard substances, which require thoiou^ eomminu- 
tion previous to digestion. 

Externally it has a roundish or ovate appearance, and is more 
distinctly muscular than any other portion of the intestinal canaL 

603. Thb Stomach is that portion of the canal which extends 
from the end of the oesophagus, or of the crop, or of the gizzard, to 
the opening of the evacuating ducts of the biliary veslbls. Some 
authors call it duodenum, because digestion commences in it, but frt)m 
the analogy of the higher animals it is probable that the stomach 
ends prior to the connection with the bile vessels, and that their se- 
cretion is poured into the first of the intestines proper. The subject, 
however, is open to doubt, especially as we find commonly in the bi- 
valve, and other MoUusca, that the bile is poured directly into the 
stomach. 

The divisions ftom the stomach are fewer and more simple than 
those which precede it ; with the exception of the colon they are 
much narrower than the stomach| and more deUcate in their struc- 
ture. 

604. Thb Duodxnum. — ^When this intestine is present, it is sepa- 
rated from the stomach by a distinct constriction, which is probably 
a pylorus ; immediately beyond this the bile vessels enter the in- 
testine. 

605. Thb IiBUM^-Wherever the duodenum is wanting, the ileum 
follows immediately upon tJie stomach, from which it is also sepa- 
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rated by the pyloms. Sometimes this intestine is wanting, and in 
that case the stomach joins the colon. 

606. The last division of the alimentary canal is thb Colon ; it 
is usnally diyided from the preceding portion of the intestine by a 
valve, which completely closes its aperture. The colon is subject to 
great variety of form ; it is found cylindrical, clayate (club-shaped), 
sac-shaped or longitudinally folded. The situation of the colon is 
always determinate — ^found at the apex of the abdomen, and sur- 
rounded by the last segments. 

607. The Ooecuh. — In many insects a blind, sac-shaped appen- 
dage is found in connection with the colon; this is the coecum. 
Like the intestme to which it is attached, this is also subject to great 
variation in form ; this portion of the canal is peculiar to the carniv- 
orous tribes, although occasionally found in the butterflies. The ex- 
act function of this organ is not known in any animal, but (in con- 
junction with the colon) in the higher animals it is supposed to be as 
a second stomach. 

608. Thb Biliabt Vessels. — These are narrow, filiform tubes, 
which open into the duodenum, if present, or the ileum, where the 
former is wanting ; the ends not connected to the intestines are either 
free and closed, or pass into each other, and thus form one vessel, 
which pierces the intestine at both ends. 

609. The Salivabt Glands. — These are various in form, num- 
ber, and the situation where their secretion is poured. In some in- 
sects they are tubular, in others vesicular, and in anoAer series lobu- 
lated. In some the secretion is emptied into the mouth, in others 
the proboscis, and lastly, directly into the stomach. Some insects 
have one pair of these glands, some two, and others (like the higher 
animals) three pairs. Illustrations of them will be hereafter given. 

610. Before proceeding further, it becomes necessary to show the 
principles of classification of insects, which will render that portion 
cf the subject very simple, which, without its aid, would be involved 
in great confusion. As the simplest, but by no means the best, the 
Linnsean i^stem will be adopted. 

611. This naturalist selected the structure of the wings, thence 
called the Alary (wing) system, as the basis of his classification; he 
had seven orders, the last being wingless. 

In addition to the names of the orders, and translation of the 
Greek compound names, an illustration of the structure of the wings 
in each order is appended. 
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612. COLEOPTEBA, 

(koleoi, & sheath^ pteron, & wing.) 



HEMIPTERA, 

(«niMU<, half; pUron, a wing.) 

TnKE-Buas. 



LEPIDOPTERA, 

(ftpit, a scale ; pUron, % wing.) 

BuiTBRruxa amd Mothb. 




NBUROPTERA, 

(neuron, a nerve ;' ptenn, a wing.) 

Bbaqon-plixb. 

HYMENOPTERA, 

{hymm, amembrane ; ptervn, aving.) 
Bus, Wabps. 
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KrTBinoir nr umMoia. 



DIPTBBA, 

{dia, two; pUron, s wiDg.) 
Hoimi AHD Flish Fliu. 



APTERA, 
(a, irithont ; pttron, a wing.) 



WINGLESS. 



613. The stroctnre of the month of an insect gives ftir indao- 
tive eridence of tbe geaeral oonformation of the untrimental organs, 
as there is a aeoessarj connection between &em. 

614. Tbe CoLBOPTEBOuB insecte, or trae beetles, whose delicate 
wings are covered and protected by strong, bony sheaths, or wins' 
ODvers, are matuUindate ; that is (o say, their upper jaws, or man- 
dibles, are well deTcloped, and offer the beet type <^ structure of these 
oigans. In the month of one of the predaoeons and oamiTorous 
Tiger beetles {Cicindda hybrida), Fig. 216, is tbe well-formed, 
slightly bilobed, upper lip (a) ; below, and on either side of it (5), 
are the formidable upper jaws (mandibles), in this insect fhmished 
with a number of strongly formed teeth, tbe better to kill and divide 
its living prey. 

The under portion of this mouth is shown in Fig. 217. The un- 
Fio. n& Fia. SIT. 




Uppsi portion of tb> mmitli c4 

der jaws, mazillie (a), are fiimished with ' two paiia of auxiliary 
jointed appendages (b. c), which perform the function of hands in 
conveying food to the month ; they are called palpi, or feehrt, and 
are supposed to be endowed witb much sensibility. The trilobate 
central piece (<Q is the louwr Kp, to which is attached a long pair of 
jointed feelers, boautifnlly fringed with hair («) — these are the labiai 
paipi (labium, tbe under lip), and the chin is shown at /. 
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616. It hu been remarked that thom animaU that mbdat os 
aminal food, have a ehort and aimple form of the nutritnental organs : 
msk is the case with the Tiger beetles ; moreover, thej are not aab- 
jeot to mnoh oonrolation, bat are foond nearly straight. 

616. A figure of the alimentary canal of CHcind^ eampMtrit, 
vMoh is a beetle oommon in this ooimtry, and in Europe, is given 
(Fig. 218). The neophagus is shown at a; it soon dilates into a 
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large crop {h), the snrfaoe of it being covered with minnte fi)llicle& 
This is sacceeded by a small, but strong mnscular giizard (proveo- 
triculas), c, the interior of which is Imed with teeth. The §^uard 
opens directly into the troe stomach {venfricidut), also covered with 
fbllicolar appendages (d). 

At its lower portion the pylorio valve is placed, and in that 
neighborhood the biliary ducts (e) ponr in tiieir secretion ; it is not 
quite dear, however, whether the valve be situated below these bile 
ducts or above them. 

The intestine (/), oommenoes beneath the biliary vessels, and 
terminates in a short, dilated colon (g). 

In the large aquatic beetle, Dyiictts marffinaJia, fennd as abun- 
dantly in the ponds of this country as of Europe, the crop is of large 
size, and terminates in a giuard provided with four large triuigular 
teeth (Fig. 219). The crop (a) is a capacious bag, ite interior beset 
with very minute teeth, and deeply furrowed ; the proventriculus, or 
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giuard (i), utd ite four teatli, are seen jnet in idruioe of the oom> 
jnenoement of the stomBoh. The crop is opened to show the teeth. 

617. The moutii in the next order, Htmiptera, or the Tree bags, 
has nndergone remarkable modifioation — the whole of it ia trans- 
formed. In place of well-formed upper and under jaws, we have only 
fbur delicate bristles ; and these are so flue and fra^le, that when 
not in use they reqiure the protection of a sheath, which is spcdall; 
developed for their preservation. The mouth of these insects is dis- 
tinguished b; tbo poBsesuon of a jointed organ called tlu roitrum 
(Fig. 221). This has from three to five joints. The organ iteelf 

Fia Ml ■* fflmply an altered form of the 
Fiai.»L lower lip, which in these insects 

forms the sheath or protecting case 
allnded to. 

The remainder of the apparatus 

of this cnrionsly formed mouth is 

shown in Fig. 220. The upper 

lip (a) is a long, lender, somewhat 

triangular scale ; its office, however, 

spears to be nncertain, the jaws 

Upper portion rf B«ta.m of being confiued in tiis rostrum. The 

month.T'ree bnc Tree bng. bristles representing the upper jaws 

are seen at h, and the lower jaws at e. 

Frequently these organs terminate in a fine point; at other times 
their extremities are provided with cutting instruments, those of the 
first pair always difi^ing from those of the fm. ms. 

second. Although organized to pierce the 
tough cortex (bark) of plants, these animals 
never refuse the more nutritive juices of ani- 
mals if opporhmity favor them, as every prac- 
tical Entomologist knows to his cost, and 
the pain resulting from the bite of many of 
them is very severe. * 

618. The best known insect of this order, 
is the loathsome household tormentor, the 
common hug (OinMo: Jtfc^^ariuA), and a figure 
of its nutrimental organs b given (Fig. 222). 
The month receives the secretion of two pairs 
of salivary glands (A, t), in the form of sim- 
ple follicles, terminated by minute vesioles AUmni^npii, cbMx 
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The Bhort OMphBgiu dil&tee slightly to ftnn & very anuU crop 
(c), which oonunanioatefl with a true etomaoh of some length (dj. 
In thiB, as in the fonner instance, the true pontion of the pylorie 
nifioe is by no means clear, but, either into the stomach, or im- 
mediately at the oommenoemeot of the intestine, the bile vessde 
(g) empty their secretion. The canal terminates in a short colon 
(«,/). The head is shown at a, the autennn at b, and the roatnun 
at ft. 

619. The omniyorone Cockroaches {Blattaria) were erroneously 

included in this order by Limuens ; they now form a distinct order, 

under the name of IHctyoptera (diklot, to make lace ; pUron, wing). 

The nutrimental orgaoB present many points of great interest; 

-^ j^ the preparation &om which the figure was made 

(Fig. 223), remtuns connected to the head, 

the parts of which it is not now necessary to 

describe. The <esophagas (a) terminates in a 

large crop {b), at the terminal portion of which, 

eight (sometimes only six) large and strong 

gastric teeth are foond (Figs. 224 and 225). 

The salivary glands are extensiTely developed 

(c), and show a nnmber of lobnlee terminating 

in a lengthened sac, each gland oommunioadng 

with its proper duct. 

The crop has had a portion removed, to 
show the structure and folds of the mnoons 
membrane ; this is easily done, as the prepa- 
ration is preserved in fluid. 

"Nn Mrnmui o bT ^^^' I'"™^'**^!? hclow tie proTentriculus 

AnieMe4u. (gastric teeli), and at the commenoement of 

the stomach, there are eight long follicles disposed around it, osaally 
filled with a thick, white substance (d). These appendages in this 
situation arc peculiar ; whatever the natore of their secretion^ia un- 
known ; but some authors suppose (with great probability consider- 
ing the habits of the animal) that they are a second series of salivary 
glands, pouring out thetr secretion on tbe food the instant it has 
been duly and effectually comminuted by ih.e gastric teeth. The 
stomach (e) be^ns where the last described follicles connect, and is 
a long, tortuous, convoluted tube, terminated by a distinct pylorus. 
The Ileum (/) succeeds the stomach, and receives the oontrats of 
the numerous short and slender biliary tnbnli (7). 

The large distended colon joins the ileom; after one convolution 
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it lutrrowB to a sIm soareely larger tlum the itomach, and sligfatl; 
enlarges again, prior to its terminatioa. 

The gastrio teeth (Figs. 224 and 225), are Bhown in two rieira of 
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them. In the first (Fig. 224), the crop has been cat open, and the 
teeth seen in profile, irheieby their entire figure ia veil shown. The 
oentral teetli show their toothed prooesses very distinctly ; the lateral 
teeth are somewhat foreshortened, and not quite so perfect. It will be 
seen that the upper portion of these teeth is terminated by a long 
and strong toothed process ; the lower portion also is indented, and 
toothed, the whole fonning a most ^oient apparatos. 

Moreover, they are based upon and supported by a series of bones. 

In Fig. 225, die spectator looks down upon the t«eth, and into 
the fnnnel-shaped, valrular cavity beneath them. The teeth are 
seen at a ; strong fasoiouli of muscles be- p^ ^j_ 

tween them at b, and the membrane which 
lines the fonncl-ahaped cavity, leading to the 
stomach, ia thrown into a number of large 
rounded folds, c. This membrane is covered 
with a beautiful snr&oe of minnt« pavement 
epithelium (Fig. 226). 

621. A preparation, showing the salivary 
glands entire, is figured in 227. The lob- 
ules {b) are everywhere seen communicating 
by short ducts, with the large duct oommon to 
the glands on either side (a); the latter e>UnrTEUndt,B. 
eoalesoe, and fbnn a common dnct which emp- Amcriou. 

ties its secretion into the mouth (e). 
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^2, The Linnmn order Semipten is, oonfeBsedly, an ill-ar- 
ranged one ; in addition to the Cookroaches, aad otket extraneous 
ineeots, the Grasahoppeis, Crioketa, and tlimr otrageners, ver« ad- 
mitted by Uie illiutnoaa Sirede. These hare been removed by 
modem Entomologiata, bat as tbe Bystem here adopted is Gtrictly 
Linniean, if it be neoeBsarj to apeak of these inseots at all, it can 
only properly be done in legitimate connection. 

623. These inseota, called now Orthoptara, from the leathery 
Btructnre of their wing oases, are all voracionB vegetable feeders, and 
tbey present by &r t^ best developed proTeutrioulns of any inaeols 
known to ns. 

624. The asophagas in Locnsta viridissima, soon terminates in 
the crop (Fig. 228, a) ; at the lower portion this foims a kind of neck, 

P^ j^ filled with small t«eth, which ends in the 

' proventrienlns, in tlieee inseets a distinct 
organ (&). It lies ali^tly imbedded at 
its lower portion in another digestire 
sac, which is transverse in its direction 
(o), and to wbioh a plexos of fine tnbes 
(&), like tlie biliary tnbnli, are attached. 
To this snceeeda the troe ventricolBS 
(stomach), which is nsoally narrow, 
and of some lengtli (i2). At its lower 
portion, beyond the pyloric valve, the 
biliary vesMls are connected («), and the 
intestine proper commences. This at 
first is a dilated sac (/), which becomes 
-^^ attenuated, and after a oonvolntion ends 
•■ in the oolon [g). 

625. The salivary glands in Iiocusta vindistima, the house, and 
most field Griofcete, resemble those of the Cookroachee, and are dis- 
played at i. 

626. The proventricnlns is mob a wonderfal stmcture that it 
merits a distinct notice, and a more highly magnified view to show it 
(Kg. 229). 

The preparation from which the drawing was made, was die- 



39.] 



jNUTBi'i'ioiT IN ursBcns. 



ProTBnlrlcnliu of GryDoUIpi. 



Booted from the Hole oriolcet (Oryllotalpa) from Jamaioa, a mach 

Bmaller insect tHan the European species, but feorfiilly destmotiva 

The spedmen and its 

oompanions oost the 

proprietor of a fium 

there npvards of £60,- 

000 sterling, $300,000, 

by tlie entire deatroo 

tion of his orop of nigar 

oana 

Interiorly Hie gii- 
lard is divided into 
mz compartmenta, by 
means of six bones (a, 
a), whiob ooonpy Hie 
whole longitadinal length of Uie organ. Between every two of the 
bones are three rows of teeth, and of these, the teeth in the centre, 
or the central row, are the largest and most powerful Outside of 
the large teeth are two rows, one on each side of them, and still more 
ontfdde are other two rows. All the teeth in these several rows 
difier somewhat in thnr stnictnre ; in addition to these, there are 
Urge teeth above and below the rows, and to asdst their action tiie 
external anr&oe is oovered with a mnscnlar ooat of extraordinary 
power. The entire nomber of teeth contained in this giuard is two 
hundred and twenty-two. So great is their capability for tearing 
and minutely dividing every snbstanee presented to their action, iJiat 
tbey have been oompared, most fitly, to the machine need in cloth- 
making, called " the Devil," for nothing can resist its action. 

A still more enlarged view is given of the position of the honee 
(a. Pig. 280), and of one row 
of tlie teetL The lateral "^ 

teeth, described above, are 
here lettered b ; the central 
row, including a large middle ='J«irfi«»rf™»™wofth.torth,e.TitoUii* 
Bod two lateral teeth, are marked c and d. 

627. In the inteetinal oanal of m^n, and the higher animals, a 
vast assemblage of glands, of minute size and uncertain Amotion, are 
fimnd, some of them solitary, others aggregated. Their presence ap- 
pears to be enential to the action of this portion of the oanal. 

628. The Ileum of the house-cricket (Acheta donuttiea) exhibits 
a wonderful development of similar glands. This intestine is di»- 



M um^ M 



140 jLMIkal phkiologt. [lxbsoh 39. 

plftjed ia Fig. 231, where the gUud« ate agg^^ted. A more higblf 
mogDified view of two of these gluids ia given in Fig. 282. 




nUo gUndt <rf CrIokM. 



IleniD ol tlia Hoiua CrickM. 

629. There appears to be great similitade between the perform' 
anoe of nutrition in the vc^tabla feeding inaeots and the regetable 
feeding nuninant qnadrnped. In both there are /our diatinct aaos, 
devoted to this fimction ; in the in8eot, mastioation is effectively per- 
formed b; the wonderfdl giziard ; in the Ox, b; the peculiarly oon- 
etmoted teetli. Saliva is abundant in both, and each poBseesee a 
magnificent display of aggregated iliac glands. 

630. The food that is intractable, and yields its nutriment with 
difficulty to the herbivorons qnadruped, la no leea difficult ^d in- 
tractable to the rotating insect, and both require an extraordinary 
adaptation of many organs to reduce it to eubjeetjwL 

631. The next order, the Lepidoptera, presents an equally dnga- 

lar structure of ita mouth ; here the 

Fl«. 28S. I- J .1, 

upper lip and the upper jaws are so 
minute as almost to elude deteotion. 
Of the three triangular plates pre- 
sented at the apper part of the figure 
(Fig. 283, a), the central portion is 
the npper lip, and the upper jaws are 
of the same size nearly, and shape, on 
either side of it 

632. The Butterflies and Moths 

rarely feed at all ; but when they do 

oondesoend to perpetrate such vnlgari- 

HoiiihiitCTntbt*eiudiii(p*iDi«diidr) ^y, tbcy manifest great indifference, 

Battcrflf. hovering over a flower, still on the 

wing. At last, probably, they incline to take a mere sip of the 

delioions fluid found in the nectary, and for this pnrpose onfold, and 

make straight, their spirally wound under jaws (i), which, in some 
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of them, are of great length (two inohea loDg). The end of this 
compaand instrameDt is thrust deep into the coveted floid, and 
almost immediately the creature is on the wing again ; the sip has 
been taken, the appetite is appeased. 

688. The stmatoTe of the under jaws, when made strught, is 
Tei7 cnpona. 

Each one is a hollow tube, and the junction of the turn formt 
another, so that the apparatus consists of three tnbea The outer 
Bar£kce is ringed, and each tube is really a tube and a half. To pro- 
tect these important organs, a piur of inordinately large feelers are 
finmd connected to the lower lip — labial palpi therefore (c). 

634. The oesophagos (as will be seen hereafter) is divided into 
two branches, each one of which occupies an under jaw, so that either 
mi^it act independently of the other. The central canal/ formed 
by the junction of the two under jaws, receives and transmits the 
aeoretiou of the salivary glands ; so that the fid. m*. 

emfrtrf tube is used to insalivate the food which 
is snaked up by the two under jaws. The 
under lip is much larger than the upper, bat of 
variable site. 

686. The alimentary canal of the Cabbage 
Butterfly {Pontia Braetica) is shown in Fig. 
234. 

686. The cesopbagus (a), cut off below the 
bi&r«ation, receives the tube connected with 
the pumping stomaoh (e), and the food is re- 
oeired into ^e stomach (d). The salivary glands 
(n, n), in this insect, are nmple filiform tubes. 

Below the pylnms, the bile vessels are cqp- 
neoted to the oommenoement of the Ileum («) ; 
the former are very delicate, and of great 
eitent («). u«Bnu&^ 

The coount is seen (^) arimng from the colon (&). 



LESSON XL. 

HtlTSITION IN INBECrS, CONTEniBD. 

687. In the larval condition (maggots, caterpillars, and grubs) ' 
of insects, the nutritive organs are straight in their direction, and 
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simple in their strnotore. TLe salirar; glands, bowerer, in some of 
them are gre&tly developed ; thus, in ibe oaterpill&r of the QmX 
Moth (Coiaua ligniperda), where the oreatnre is found in the Interior 
of the willow tree, for three ye&rs, ocmstantl; feeding on the heart 
g^ jjj^ of the wood, large reservoir 

bags are added to tlje glands 
to hold a Hupplf of thie im- 
portant secretion. The nn- 
trimental organs of this in- 
Beot are shown in Pig. 28S. 
The drawing was made 
from a preparation, and to 
display all the parts the 
salivar; glands hod to be 
divided ; they were placed, 
therefore, on either side 
the DDtrimental oanaL 

688. The ramified ta- 
bular portion (a) at the 
lower part, is the secreting 
tnbe, or gland proper. 
They ooalesoe, and form 
one evacuating dnot (&), 
which transmits the secre- 
tion to «, a Urge oolleotiDg 
NntiinwiiMl orgMa, CoaMt Uolperd*. . . • , ,> 

or reservoir bag. At the 

mmmit of this bag is another tube (rf) ; these combine to form one, 
and tbrongh it the secretion of these glands, and another pair, not 
present in the preparation, is delivered to, not the month, bnt to a 
little bony tube connected with the lower lip (Fig. 2S6), called tlu 
ipinnergt, found only in those larvee which prepare a web for their 
pnpa change. 

639. The glands not present are of great length, extending fi-om 
one end of the body to the other, and almost filiform ; they are called 
tUk vetsAt, and are supposed to originate thia material And this 
is true ; bnt the saliva is always combined with it, as necessarily it 
must be when the four glands have only a common outlet 

640. When a Caterpillar is about to change into a Ohiysalis, the 
salivary glands are punfiilly difltended with a secretion that will no 
more be used for its legitimate porposc. 

641. It is therefore poured out throng the spinneret (in the 
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speciea poneasing it), the gaaaaj flud beoomitig inBtantl; inspisaated 

when brought Into contaot with the atmosphere (Fig. 2S6), and forma 

a thread ; during all this time die poor orea- p^ ^^ 

ture'e body ia aadly ooutorted, and it g^rea i 

unmistakable eridoioe of great aiokneaa, | 

pun, and snffering. That the change the j 

animal is about to undergo is really attend- ' 

ed with Buoh Bovere di^reaa, is ai^iarent 

from the &ot that man; of them die during 

theprooesa. 

642. The alimentary oanal (285) oom- 
mences by a wide funnel-shaped cavity, the 

pharynx («) ; to this snooeeda the asophagas Bpim««t, c«o. iip,ii«rd^ 
(/ ), which dilatee into a membianons crop, filled with deep longitudinal 
folds, by which means its intemal capacity can be greatly increased 
{ff). After the food has lain macerating here for a while, it is trans- 
ferred to the long stomach (&), provided with a powerfdl muscular 
ooat externally, and lined with a muooos membrane. Here the food 
is redueed to chyme, and allowed to pass through the pylorio ulve 
(i) into the ileum (Ic), where it meets with the biliary secretion 
passed through the conneating gall dnota (^ I), and the chyme is 
transformed to t^Ig. 

The Ileum terminates in a short, straight colon, which, as com- 
monly happens, enlarges slightly, prior to its termination. 

643. The liver exhibits a series of pro- ^^ ^ 
tuberaneea, which are alternate. A highly 

magnified view is given (Fig. 287), in which 
it will be sees that they are oells, eadi being 
filled with (^parently) globules, of an oily 
fluid. 

The cut ends of Uus porUon of the liver 
of a Caterpillar, have discharged an oil, 
which, in the preserving fluid, baa assumed 
a globular form of variable dimensions, all 
of th«n being very much larger than when ^^i^^S^""' 
confined within the oella. This sacculated 
form of the liver is oonunon to most insects, and may be regarded as 
characteristic; moreover, it is always minute and uniform, and can- 
not be confounded with the hibnlea of the salivary glands. 
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LESSON XLI. 

SDTEITIOS IH INBECTa, OOBTINUED. 

644. The 2f«uropttrtna iniieota are, tot tiie moet part, prtdaca- 
Ota asd camivoroiu ; dways lUling their pre; on Hit wing, they 
b»Te hesoe been called " the Hawka amongat insecte." 

645. The most conspicnons inseots of this prder, and the best 
known, are the bold and beantifnl dragon flies, or, u they are called 
in this country, "DeviTt darning needles." Famished vith a head 
almost all eyes, their sight is wonderfdlly piercing ; provided with 
large, light wings, constructed of the most gauiy material, and abun- 
dantly supported by sn incredible nnmber of the lighteat conceivable 
bones, their flight is as remarkable for its swiftneas as their aim is 
nnerring. It is a pretty sight to see these creatures Hawkiug over a 
pond, and remarkable the distance at whioh they see an insect— once 
seen, ite death is certain ! Our obligations are great to this order 
of insects, for they kindly free us from millions of pests, alike de- 
tin^ive of our property and sorely tormenting to oar persons. It 
has pleased the Almighty dispenser of good to set up no end of to- 
tagonisma in nature—wherever a bane exists, there is tlie antidote ; 
what a pity that man, in the plenitude of his ignorance, should take 
so mnoh pains always to destroy the antidote! So important are 
these insects, it is not too much to say that he who wantonly kiUa a 
dragon fly commits a pnblio wrong. 

646. The smaller species of Libellula (Agrion), with a body less 
in diuneter than a moderate siied pin, consume immense quantities 
of Mosquitoes, at the moment, too, when they eme^ from the water 
and assume the winged state. 

647. The habits of other insects 
^"' ***■ frequently ohange with a new form, 

but, whether as an inhabitant of 
the water, or a deniiea of the at> 
moBphere, the dragon flies are al- 
ways cmelly oanuvorona, and as 
such should be cherished. 

648. The mouth of a Dragon 
fly isnumdibulate (Fig. 238). The 

upp« p«f o( mono, iJb.«Dk. "PPer lip (a) " ^^ fi>"°«J. ^ "P- 

per jaws (l) are short, remarkably 

strong, poBsessing toothed processes, and supplied with masdeB for 
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dosing the month (c) of great power. The antagonist nraacle (d) b 
Bunply required to open the month, and it is slight aocordinglj. The 
nnder jaws (Fig. 289) are short, and not Tery powerful (a) ; esoh is 
supplied with a small feeler (/), or palpus. 

649. These organs are chiefly Tia.ua. 
used as hands, to hold a living in- 
sect while the apper jaws kill and 

diride it, and afterwards convey 
the pieces to the mouth. 

650. The nnder lip {b) is on- 
osoatly large, provided with two 
processes with hinge joints, bj 

means of which they oan either he ^^^, ^^ ^ ^^^^ of Devon fl^ 
extended or remain dosed; this 

apparatus forms a table, or platform, on which an insect e&n be 
placed while the npper jaws act npon it Such an arrangement was 
necessary for an insect who kills and oats its [rey on the wing. The 
nunium, or chin, is shown at e. 

6^1. In the HymmopUra, the month has ondergone remarkable 
modification, eepocially in the Bees. These insects require strong, 
toothed jaws, for manifold purposes, and oon- 
seqneutly their mandibles are constructed upon 
UuB type (Fig. 240, a). The upper Up is 
shown at /. But the great business of Uieir 
lives is to procure the nectar from flowers, and 
oonrert it into honey, and for this purpose an 
especial apparatus is necessary. To this end, 
the under jaws, and their dependenoos (palpi), 
hare become strangely metamorphosed; the 
under jaws {b) are formed into a tnbe to re- 
oeire and protect the rest of the mouth when 
oot required for use. Within these {d, d) are 
two long, jointed organs, gradually tapering 
apwards, with short terminal processes nearly ^^ ^^^^^^^ 

at right angles ; these are the maxillary palpi, 
or fbelers of the nnder jaws. Their Auction appears to be that of 
hands, to hold back the petals of a flower, whilst the long oentnJ 
tongue («) is busily engaged lapping up the neotar ; for this purpose 
they appear to be admirably adapted. The tongue (s) is much long- 
er iriien extended than any other part of the mouth ; it is perforated 
at its extremity, and has in ita interior a oaoal, wbidi is a oontiiiiu- 
10 
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tion of tiie ceeoplutgiu. The exteni&l Enr&oe U ringed, and exten- 
sively cwvered with hair. At the base of this organ ue two little 
proceaaeB (c) called little toognea (puagloase), the nee of which ia 
nnknoini. For its protection, it folds up. 

' 652. The Btruotore of the nntrimental or- 
gans is Ter; iateiesting (Fig. 241) ; the oeo- 
phagas (a) dilates into a large crop (&), or 
oollecting bag, having one dde of it partioa- 
larlf enlarged. 

653. The pomping stomaoh is not devel- 
oped in the Hyment^tera aa a special o^;an, 
bnt its function is shared with the crop. The 
enlarged portion contains air ; by removing 
the preesnre of the mnsoles of the body, this 
ur beoomes rarefied, and if the other extremi- 
H .- . 1 __ i,j. ty. the tonjrae, bo made air tiirht, as it must 
meiiiflc*, )je vJiea plunged deep into a viscid fluid, the 

tube, from the pumping stomach downward, beoomes exhausted, and 
the fluid in which t^e tongue is placed necessarily ascends by a jerk. 
Then the action ceases, until the tube be exhausted again, which oo- 
ours directly the insect takes off the preesure by a deep inspiration, 
and BO the action continues. 

654. The valvular' projection of the true stomaoh is inserted fiu 
into the crop (e) as a double tube, and must be withdrawn there&om, 
when the Bee desires to feed upon the honey it has gathered ; but so 
long aa they remain within the crop that organ is merely a collecting 
bag, and retains the contents only until it can return to the Mve, 
where it is cast up, and departed in the cells. 

655. During the period it remuns in the crop, it is macerating 
in the salivary secretion, whereby its vitality is destroyed, and the 
probability of acetous fermentation obviated. From this moment it 
is preserved bo effectually that it cannot decompose, in any time. So 
&r as is known, honey is the only substanoe which, having been duly 
prepared in the stomach of the Bee, is oast up, and forma wholesome 
and delicious food for man. 

656. The stomach (tl) is a long, muscular organ, which gradually 
increases in size as it descends. Its lower portion is provided witli 
a pyloric valve, below which the ileum (>) commences. 

The bile ducts (;) empty their secretion at the oonunenoement 
of the ileum, vhielt terminates ultimately in the colon (/). 
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LESSON XLII. 

HUTUnOH IS IBBSCrS, OOKOLUDKD. 

657. 1m the list order of vinged inseots, the IHpiera, Ha moutli 
is agaio trangfonued ; here we have a proboscis, or Sausitllum, wUoh 
u membransoeons, or more or less fleshy. It deeoends in a perpen- 
dicnlar direction from the orifice of the month, and is, in general, 
■hortly firom its origin, kneed (shaped like a knee) fonrard, and ter- 
minates in a flapper-shaped, snctorial Bniboe. 

658. In many of the predaceous Dipten (Th&ini, Okrytop*, 
Stomoxye, £e.), the bristles, or Unoets lie, in a hollow groove exoa- 
vated in the upper eurfoce of the proboscis, and covered and oon-* 
oealed by a long corQeous triangular scale, the upper lip. The Mos- 
quito, Flea, and others, carry their lancets within a case, on the 
principle of the Hemiptera. 

659. Many of the vegetable feeding two-winged flies, are pro- 



upper pwt or moath, BBlophUni 

Tided with a montli, in evei; reepeot BimiUr to the Tabimi, and their 
allies (Fig. 242). 

660. The mouth of the rat-tailed worm-fly {HelapfHbu Unm), 
to which Swammerdam did moh ample jnstioe, is a good illustration. 
The insect in itfl perfect state {beds only on ripe fruit, which it first 
stabs, or wonuds, with its Unoets, and then withdrawing them, places . 
the expanded fieahy under 1^ over the wound. 

661. These, moistened with saliva, firmly adhere by means of 
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their ntgooB (vrinklod) sarfaoe — tbe moutare oontribntiag to nuke 
them ur-tight. In k11 tiiese inaeota, the under lip ia nuxlified to 
ferm the probOBOis. The fleah; lipe of the proboacis (a, 243), with 
their rngoos anrftoe {b), we seen purtl; apiead out for attaahmeot. 

The lanoeta, &o^ are ahown in the fignre 242. The long trtaa- 

golar upper lip (a) oorere the remaisder of the apparatus ; on «ther 

dde are aeen the upper jaws (b), whioh are, in thia insoot, blnnt- 

pobted : the under jawa (e) are onrved like a scymitar, and remarka- 

bl; thin, and aharp at their pointa. In the Tabmi, and all their 

alUea, the upper jawa are aharp, 

and Uncetfihaped, while the under 

jaws are blunt, or probe-pointed. 

The long, leathei; palpi (d) are 

merel; for additional proteoUon. 

462. The pumping atiMnaah at- 
tains ita highest development in 
the Siptera ; in them it oonsti- 
tntes an independent organ, iriiidi 
is beantifbllj exemplified in the 
nntrimental organa of the Fledi- 
fly (Jfusoi camaria), or Bluo-fly . 
In this inaeot (Fig. 244), the long 
delicate naophagua (a) is continu- 
ed from the muscular crop, to tlie 
end of the proboHns, but not all the 
way as the <BeophagtiB; a some- 
what wider tube is exoavated in 
the probosa8,at the oommenoement 
of which the duota of the aalirary 
glands {b, b), and esophageal tube, 
proper, terminate. 
NttUmoit^ orpDi, Hum onuu. S63. The salivar; glanda (e, e), 

at &eix oommenoement, are robust, 
remarkably eouTOlnted, tubee; by d^jieea they become straig^ter, 
and attenuated (d, d), and finally end as delicate tubes, parallel witii 
the lower third of the atomaoh. 

664. The oonrae of the osophagua is direct to the oommesoemeat 
ci lib.0 crop, it then turns ofT, nearly at right angles, and eods in a 
Uadder-ahaped bag, of large sse — the pumping atomaiA (*). 

666. It is esey to understand that the small qoanti^ of air, al- 
waya found in tJiis leoeptacle, beooning rarefied so aa flU^ to diateDd 



LBB80K 42.] inrtRniON IN IN8X0IS. 149 

the aao, ibe tube in oonneoting with it beoomes ethansted, and as 
the other extremity has been previoiuly made air-ti^t, the as- 
eent of fluids as a sadden jerk, is inevitable. Of oonrse its tendency 
is to msh into the pumping stomach, and if this could be achieTed, 
death would most likely be the immediate result, as much as if a 
pul of water were suddenly poured into our lungs; but long before 
the air can reach the pumping stomadi, reaction takes place, and 
the fluid is driven throu^ a very short tube, nearly at right angles, 
but somewhat inclined to the (esophagus, into the crop, in whose cal- 
lous margin a valve is placed to prevent regurgitation. Once in this 
organ, the food macerates in the saliva, and becomes subject to the 
aotion of its powerful muscles ; in due time, it passes through a 
valve at the lower portion, and enters the stomach (/). 

666. This latter is a very long, slender, tortuous, and convo- 
luted tube^ having (according to some authors) three distinot 
divisions in its interior; it terminates by a pylorus just before the 
commencement of the ileum (^), into which intestine the biliary 
duots, as usual, enter. The liver (A, A) b of great size, and like the 
same organ in the Caterpillar, appears to be filled with oil cells, 
eroeedingly minute, however. The ileum, too, is of unusual extent, 
but at length terminates in the Colon (i). 

667. Thus, as briefly as circumstances would permit, the chie^ 
and most remarkable characteristics of the nutrimental organs, and 
the adapting forms of the mouth in the Linnsdan orders of insects 
have been described. It is unnecessary to speak of the Jip^a, in- 
asmuch as they really belong to the other orders, the want of wings 
being a sexual distinction; moreover, the majority of the individuals 
of this order were not Insects at all, and have been removed to the 
Glasses to which they properly belong. 

668.' The structure of the nutrimental organs of insects is parti- 
cularly interesting from the fiict of their close agreement with like 
structure in the Vertebrate animals. Thus, the coocal appendages 
around the pylorus of the Cockroach, bear close resemblance to a 
similar structure found in many Fishes; in the latter they are sup- 
posed to be salivary or pancreatic (pancreas, the sweetbread) in their 
secretion, and this is, at least, equally probable with the Insect 
Feeding indiscriminately as the Blattaria do on whatever comes in 
their way, upon flesh, or fruits, vegetables, linen, clothes of all kinds, 
printed books and written manuscript, engravings or water-color 
paintings, old boots and shoes, and not unfrequently nibbling the 
toes (in hot climates) of persons while asleep, their power of digestion 
had need be very perfect to get quit of such heterogeneous matter. 
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669. Tbe nittiy digeetfye sbm fif Loeuski viridirima Qmtp Eng- 
graaakopper), and its allies, has its foil representatire m the four 

£▼6 oavities of the herbiTorons qaadruped. Tbe only great and 
peeuliar exception appears to be in relation to the pnmpiiig stomach 
of the LqpidopUrOf JSymencpUra^ and J)ipi§r<ij bat even Hob, in 
the opinion of some anthors, but apparently with insofBoient reason, 
is met by the air-bladder of fid&es. 

670. The persistency with which the glandnlar system is develop- 
ed in insects, is no less remarkabla 

Salivary glands, to the extent of even three pairs, is by no means 
uncommon, whik few insects are entirely destitate of them. 

The Liver is almost always fimnd, and nsoally extensively pro- 
duced, while in its ultimate stmetnre (cellular) it bears great afl^^ 
with the same organ in higher ■aimala. In none of the illustrations 
produced was a kidnejf found, but this organ is by no means rare. 

Finally, in this class the most important problem, the ultimate 
structure of glands, may be studied with great ease. In the hi^er 
animals these organs are veiled by a parenchyma, which renders in- 
vestigation difficult; but in insects, we find them already analysed-^ 
existing as simple tubuli, and offiNring every fiunlity for the most 
minute examination of them. 

When the like organisms in man and the hi^er animals have 
been successfully treated, and reduced to their elemental condition, 
lo I they too, are simple tubes I 
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LESSON XLIII. 

OB0AHB OF NUTBinON DT ASAOHNIDA. 



671. The general characteristics of this class have already been 
given, together with the names of the orders into whidi it has been 
divided. 

The Arachnidans are placed above the insects in the scale of 
being for the following reasons : they present a more concentrated 
condition of the nervous system, and of the heart; and the larger 
species possess a higher condition of the respiratory cfystem, which is 
not only less diffused than in insects, but in some of them consists of 
air-iocs^ or rudimental lungs. If a Spider be examined, it will be 
seen at a glance that the head is confluent with the chesty fomung 
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the oephalo-tbonx ; th« rem&iiider U die body, so that it exhibits 
but two divuions ; and this is equally true of all the members of 
this olasa. 

672. Some of the lower Araohnida, so minute as to be quite 
mierosoopical, are parasitio on man, aod the history of one of these 
parasites is not a little carions. It has already been observed that 
the hnman hair grows out of a bag, or follicle J this follicle re- 
oeivea the duets of two fat secreting glands, called stbaeaout glands. 

678. Within the dnets of these glands, the parasite in question, 
Dtmodex follictdorum {drnnot, lard; and 6ax, a boring worm), is 
fraud (Fig. 246); in length, they range from the j^^th to the tH*^ 
of an inoh. The figure gives a magnified view of a hair-folliole (a), 
containing the bulb of the hair (i d), the sebaceous gland {e), and the 



dnot in which is the parasite (d). In adults, these creatures nauslly 
abound on either side of the nose ; in young men, red pimples, of a 
punfol character, appear on the forehead, face, neck, &o., which, 
when the inflammation subsides, is distingaishcd by a black spot. If 
this spot be t^tly squeezed, a white, tortuous, somewhat spiral 
mass will appear— spiral, because a cast in solid fat of the duct — 
plaeed in oil, the &tty or sebaeeoos substance will separate and 
leave a specimen or more of the Demodez. 

Another figure (246) Is given, taken from the human scalp; a, 
the sebaceous glands ; b, a hair ; o, the dnote ; and d, d, the para> 
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A lu^7 magnified view of the animal is fj^ren in Fig. 247, where 
it will be Been that it poaaeaaes eight feet (c), like alt the anohni- 

674. The month {&) is fdrnialied with a proboaoia, and is theifr 
ton Enotorial ; it has alao two ahort and thick maxillary palpi (a, a), 
oonsistiiig of two jointo, and above is a narrow upper lip. The ab- 
domen is mimttelj ringed. 

675. Ko nntrimental organs have jret been disoorered in theae 
parasites, partly beoaose of their opacity, and partly on aocooat of 
the shining oharaoter of their integument. 

676. The next parasite originates the most loathsome, di^oatiiig 
diaeaae tliat affliote humanity — the itch. Many medical men have 
Bonght for this animal in vain, and henoe they have concluded tiiat 
no such creature ezistA in connection with the disease. Bat their 
failure has arisen from two causes : one, they have looked in the 
wrong place, and the other, the animal is too minute to be sees by 
unassisted Tision, unless held up against the light. Usually thcj 
are sought for in the pustule, char aoterie tie of the disease; hot be- 
fbre the pustule can make its appearance, the Acame has bnnowed 
off in another direction, and to succeed in finding it, the nd^bor- 
hood of the pustule should be explored with a needle. 

677. The Aearut scc^ai (Fig. 248) possesses all the true ehar- 

acters of tiie Mites; the legs in some mitea, 
terminate in suckers, but in this species (finir 
of them) in long setie (bristles a). 

678. The mouth has a twofold character, 
— it is adapted either for suction or mastica- 
tion. The whole form of the animal adapts 
it eminently for the life it leads, constantly 
burrowing beneath the surface of the ekin, 
where, having no use for visual organs, none 
qipear to be present, as in the Mole. 

The Spiders are a very interesting elaos 

of animals, the partjculara in relation to them 

requiring more epaoe than the limtta of this 

^, , work will afford ; suffice it to say, that the 

organs of digestion are arranged on a Tei; 

simple plan, as befits an animal strictly carnivorous. 

The mouth, as compared with the same stractare in insects, is 
also simple, and remarkably well adapted to the peculiar wants of 
the aniraaL 
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The Bhort, Btrong upper jbwh (Fig. 249) ue prorided with sharp 
pointed, slightl; curved teeth (ft), which are hollow, like the poiMD 
bag of ft serpent, and for the same pui- 
poee — the transmission of the saliva. ^'' ***■ 

The instant a Spider hites a fly, or 
another indiridnal of its own speciea, 
the saliva is poured out abundantly 
through the cavity of the tooth simul- 
taneooaly with ita insertion. 

As a oonseqnenoe, the victim is 
poisoned, the body swells considerably, 
and it dies immediatelj. „ , ... ... 

•I Upper Jiwa at th» Spldar. 

Now commenoes the prooesa of feed- 
ing, which simply QousiBta in saokiDg up the juices of the slain. 

To asust this process, the base of the teeth (a) is provided with 
a double coronet of short, strong, pointed spinee, upon which an 
insect is literally impaled, whilst the killing and feeding progreaees. 
At the lower part of the jaws {d) two large cavities are seen, out 
of which the muscles were extracted. 

The under jaws (mazUUe) are shown at a (Ftg. 250), in the form 



Dndatjiwi, Spldar. 

of short strong orgaAs, whose function it is to hold the insect, whilst 
the upper jaws kill it, and suck up its juices. 

This operation is greatly assisted by the long, strong, five>jointed 
feelers (i, fi), each of which terminates in a short hooked process (c). 
Snrely no better form of apparatus could have been contrived to 
meet the special and peculiar requirement of a Spider. 

680. In the domestic spider, tiie owopbagus (a, Fig. 251) passes 
beneath the br»n, and expands into a stomach almost as broad as 
the sternum, which sends off a large ctxcal process into the base of 
the maxillary palpi (b), and of each thoracic leg — tea ciBcal appen- 
dages in all. A shorter diverticalom (a turning) is continued 
from the upper part of the stomach (d). Where the intestine 
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pusM throngli the lutrrow pedicle of the abdomea, it ii oontnoted; 

it elightly expanda lo its straif^t oourae (/) along that oaTit;, then 

ooDtracts and forma two ahort oonvolntiona (y), and oommuuioates 

with a large globular ooMuiu (A) from which the last short intestine 

arises. Pour bile dnoto (t, t) open into each 

'^' ^'- side of the strai^t portion of the intestine. 

Two long, slender tubes {k, k), oonstituting the 

kidney, oommnnioate witli the oommenoement 

of the ccecom. 

681. There is a siiople and taej mode of 
finding the class to which the articnlata belong, 
at a glanoe : thos, if the body be divided into 
three chief portions, it is sure to possess just 
three pairt of Itgt ; therefore tiie creature is 
an insect: Bat if /our pairs of Itgi be 
present, thb character is invariably found as- 
Bociated with another of great importance; 
that is to say, the body will have only ivn 
divisions; the head and the chest being sol- 
_ dered together to fbrmtheoephalo-thorax {Head, 

Or««i.ofiratrtOon.Bpid«r. ^j^^j^ ^^ ^^^^ renuunder constitutes the ab- 
domen, or body. Here, then, we hare the class Araehnida typified, 
and the specimen is either a Spider (the Greek name of the clasa), a 
Soorpion, or a Mite. l{five,nsc,ortnorepairtoflega)K present, 
again we find the two divisions of the body indioating the same parts 
as those already described (cephalo- thorax, and body), and theae 
form the charaoteristiae of ths Crnstaoeous animals. 

682. To descend sttll lower in the sosle : if the specimen pre- 
sented to oar notice have a variable namber of distinct rings, or s^ 
ments, any one of which is like all &e rest, antf the legs nnmhering 
twenty-two, or more pairs, the specimen belongs to the class JTyrio- 
poda—muij feet — to which the Centipedes, Ixtlidm, Woodiiee, Ac., 
belong. Siie has nothing to do with it ; the Uites (many of them 
microscopical specks) having the reqaired characteristics, as much 
belong to the Araehnida as though they were as large as a Soorpion; 
and BO of all the rest. 
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LESSON ZLIT. 

OBSAVB 07 HUTBrnON IS THE TU5I0A.TX UOLLDIIOA. 

683. Ths Hollnflooas, or sofl^bodied animals, appear to be organ- 
iied for the perftcting of the nntritire function, to the development 
of vhich ereiy other omuideration girea way. 

684. The lower orders of this oIsbb {Tunicata, Bra^iopoda, 
Lam^ibraTUshiaia) are headless, aod called, therdbre, Acephala 
(a, without ; ctpKala, a head) ; those with a Juad are the Pteropoda 
(wiog-foot), OasUropoda (beUy^foot), and C^halopoda (head-foot). 

685. The I^nicata are so called because their bodies are en- 
closed in a gelatinous membrane, or hs ; the; breathe either by a 
rasonlar membrane, or bj a ribbon-ahaped gill etretobed across the 
common viaoeial cavity. There is no shell or calcareous deposit in 
these animals; moreover, in common with the headless Mollusos, 
they are fixed to the rocks, and other submarine substances 

686. The Brachiopodi {braohion, the arm; poua, the foot) pos- 
sess a bivalve shell, have two long, spiral, strongly ciliated arms, de* 
veloped from the sides of the moath, and breathe by means of thdr 
TBsonlar mantle. 

687. The iMnuUibranchiata are bivalve SCollnsos, breathing by 
means of tameUated gills (hence their name) attached to the mantl& 
The Oyster and the Mussel are the best examples. 

688. The PUropoda swun by two wing-like muscular appendages 
attached to the sides of the (supposed) head. 

689. The Oaateropoda are the slugs and snails ; they walk npon 
a fi>ot, of greater or less dimensions, attached to the under surface 
of the ventral surfiue— hence their name, bMy-foat. 

690. The Ca^alopodt have their locomotive organs attached to 
tiie head, generally in the form y,^ ^^ 

of muscular arms, or tenta- 
cles; this is the only order 
of the mollnaoa pOHBeHBing an 
internal skeleton. 

691. The TnnicaUe are 
fret^uently found in groups, 
forming compound animals, 
like many of the Polypes. 
The outer gelatinous tunic is 
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wurtj in muiy spedes, bnt is alwaji fband to be smooth and Inbri- 
oone OS ita intenftl mr&oe. 

692. This tnnio is lined by another, & mneoolsr coat, of great 

beaaty as regards the arrangemeDt of its fibres (Fig, 252) ; in this 

animal (Cynthia pupa) the musoles oonsist of long diTer^ng fiuci- 

onli, vhich originAte from around the two orifioes of the sac (a, i), 

p^ ,^ and extend ronnd the entire body 

of the aaimaL These ftsdeali ue 

attached to rarious pomts of tl» 

exterior tonic, bnt most intimately 

around the respiratory (a) orifioe, 

and the vent (i), which are also 

provided with dislonct and strong 

sphincter muscles {e, d), passing in 

a drcnlar manner around them. 

698. The organs of nutrition 
in tbese i»itiM.1ii are peculiar ia 
their arrangement; thns, we find 
the month proper, or entrance into 
the nutrimental canal, placed at 
the bottom of the sac (;, Fig. 268) ; 
the food arrives at the month di. 
rectly from the external reepin^ 
tory aperture (a), bong directed 
to it by the spiral respiratory cur- 
rent, caused by the Tibratile ciUa 
lining the respiratory sao. The 
MuWc-EUionwCjntoupnp* ^^^^^^ leads to an oMophagas of 

tolerable length, and ends in a well-formed, mnscnlar oavity (&), 
sometimes folded longitudinally, and perforated at the pyloric ex- 
tremity by the wide ducts of the biliary foUiolea (/,/)■ 

694. Neither teeth, jaws, nor salivary glimds, are found in oou* 
neotion with this very dmple alimmtary canal, but tlie liver is al- 
ways found, under some follicular form, opening into the cavity of 
the fitomaoh, as in other moUusoa. The intestine forms a disUnet 
curvature, in an upward direction, behind the respiratory sao ; it 
terminates opponte to the vent ((), and ends with a mar^ of vibr^ 
tile cilia, to compel, by their action, die discharge of efiSte particles 
of matter. 

696. The ovaria (k) and the oviducts (tn) lie on the inner dde 
of the intestine, the latter terminatiDg by a mar^ of ribratile dlia, 
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like the intestine, snd tn the nme puipose — to compel '^ ■''^ 
the mature ov% to puB through the ■pertnre of the 
Tent, when open. 

696. In the betntifiil vid Inminotu iVoMRta (Fig. 
Si54) wo hare an intereBting example of k oompomiil 
moUoMtn group. The external tnnios of the individn- 
■Is oompoeing iliia gronp, are thin, soft, very trana- 
pttimt, and of a bluish white oolor, and are the parte 
hj which the; appear to be united together. 

697. The PTrootnna ia a long tnbe sh^ied like a 
finger, closed at the npper end (a), and open at the 

lower extremity {b), and composed of a great number p^^ 
of distinct individnals {e), which poBsees an internal 
orgmization similar to the Cjrnthia. Like the latter, they also pos- 
seea two orifioee, but their position is different ; their respiratory 
^tertnres are placed on the sides of the long projecting papilUo (c), 
and the apertures oonstitnting the vents of ^ the separate individu- 
als, open into ibe interior of the tube ; so that, solely by the com- 
bined act of recrpiration, this elegant tnbe is carried through the seas. 
The species of this animal common to the Atlantic (Pyroioma 
ffigantium), is of about the length of two fingers, and when seen on 
a still night, or, better still, if captured and conveyed in a bauu of 
sea-water into a ndnn,. is an object of remarkable beauty. 



LESSON XLT. 

. NUTBinOIt IN TOB BBAOHIOPODA. 

698. There are only three orders of this elass, the Linyvla, Orbi- 
ado, and Terebrattda. These are all protected by shells, and attach 
themselves to foreign substances, the Lingula (so called because 
tongue-ahaped) by means of a rery long peduncle (Fig. 255 A), which 
passes between the two valves : a, the shelly b, the pednncle ; and 
the Ttnbratula, by a miidb shorter peduncle, which projects through 
a hole in a beak-shaped prolongation of one of the valves. 

699. In the latter the alimentary tube is very short, of great 
simplicity, and confined to a small space. The rest of tbe interior 
of the lobes of the mantle is oecnpied by three long, strongly oQiated 
anu, di^Kwed in folds and spiral eorves. The ]mbbb of the arms 



108 ASnUL PBTBIOLO0T. [lBSSOIT 4S. 

join, and form a tnuuvene fringsd bftnd aboT« tlw mouth ; the bent 
portions of the fringed anui are mj^rted bj alender, ela«tio, ealoa* 
reons proceaaea. 

700. A figure of the nntninental oigv>> in aitn ii giren (Fig. 
Fia. Sfls A. ^^)- "^^^ peduncle (*) for attMhment ia 

Been in oooueotion with that layer of the 
mantle that fbrma the back ; a doable heart 
is said to exist in these animals, the aorides 
of irhioh (&, b) are plaoed on either side of 
the alimentary canal, and above the p(rint 
of jnnotion of the curled arms. It fs, how- 
ever, most probable that the so-ealled "hearts" 
are aimply the external openiligB of the 
ovsria, by which the ripe ova effect their 
escape. The etomaoh ia cotiiely concealed 



Uogult, utiml tU*. NaMmenU] oiguu io Ma, T. AuMnllb 

by a mass of biliary follicles (e), wbicfa completely corer it ; abore, 
it is covered with peritoneum. The intestine (d), which talcea an 
oblique direction, is not very conspicuous, owing to its depth ; two 
of the arms, fringed with strong cilia (a) , are seen on atber side, sad. 
in front the remains of the third arm (a), the curl having been cut 
ofT, to show the other parts of the structure. Another, a ade view 
of Tenitratvla Austraiis, is ^ven in Fig. 256; here the right 
(lower) arm is partly seen, being oonoealed by the great onrl usually 
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ed by the central wm (0}. To th« right of the figure is seen t 
largo orifioe — the tabnkr portion of the left arm, which hu been 
remoTed. The anterior and posterior portions of the Dutntle are 
external in each direcUon (/). The tnunpet-shaped month (a) is 
seen just below the tendinous portion of one of the fonr strong mns- 
cles (i), whose fonotios it is to close the Tslres, and, crossing it ob- 
liquely, a muscle of tbe second pair ; the white, glistening character 
of the tendons of tiiese mnsoles is very beautiful. The month leads 
to a pharynx, and a very short tesopbsgos, wliich instantly terminates 
in the stomach. The biliary follicles {e), as before seen, completely 



AUm«nUry cuat. TerebntnU Au- 
trilis, ftonC vlav. 
Tenbmtalu Anttnll*, alda vis v. 

conceal the stomach, and the sKort, tmmpet-shaped intestine (ft) may 
be traced to its termination within the mantle. The peduncle for 
attachment [g) is seen as before. 

701. A better view of the alimentary oanal is given in Fig. 267, 
ttoai a preparation of these organs dissected out of the body. Here 
the month is seen sorronnded with short, unusually strong cilia (a) ; 
living and breatlung under the weight and pressure of from aixty to 
ninet}/ fathoms of water, the cilia of the arms require to be strong 
to compel the necessary currents of water to perform the cironit of 
the interior of the valves ; charged with oxygen, for the supply of 
the rospirntory organs, it 13, at the same time, laden with food (ani- 
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msloolea) for the eayplj of the animml'H wants. To obtain tiiia fi>od 
from the strong streun of water oonatautl; being propelled diroagfa 
its interior, the mouth has need of a special arrangement of ciliated 
processes, which are fbnnd accordingly. The fimnel-shaped pharynx 
(fi) is well shown in this view, and leads to the cesophagns (c) ; aa 
before, the biliary follioles {d) obscure the stomaoh. The rerene 
nde of this prepiration (Fig. 258) tihowB the Btomaoh (cQ, and &e 
whole of the short intestinal oanal (&), the mouth (a), and the 
biliary follicles (c). 

Fto-MS. Fio. SN. 



Aiulnlli. Tlia utm at T. Anstnllg. 

Another preparation has been copied, to show the disposition of 
the nnmutilated arms, with their central one onrled, and all of them 
armed with remarkably strong cilia (Fig. 259). These are addition- 
ally supported by a pair of strong calcareons (carbonate of lime) 
bones, which are placed on either side, lying between a double mem- 
brane, and just within the mar^n of the strong cilia. 

The aperture at the upper portion of the figure passed around 
the <esophagus, which had to be dissected out of it. The nervous 
ring which surrounds the (esophagus, and dbtributes branches to the 
arms, is found in this situation. 



LESSON XLTI. 

NUTBrnOII IN THX LAMZLLIBBAHCHIATA, AND tK THX FTEEOFODA. 

702. In the common Oyiter, the visceral mass oooupies about 
half the cavity of the shell next &e hinge. The twt of the qiaee be-. 
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tween tbe lobes of the mantle, being almost entirelj oooapied with 
the branchial Uminte (gillB), which 
are fonr in number, equally divided, - "^ 

and placed on each side of the vis- 
ceral maoB. The month is famished 
with two long, taperin;;, fleshy teotac- 
ola {a, Fig. 260), and ia oontinned 
by a short (oao^btgm to an ezpaoded 
stomach, into which nnmerons rami- 
fied hepatic fblliolea cmp^ them- 
aelves (h). The intestine {c), after 
describing a remarkable convolution, 
asoending to the upper part of the 
stomach, which it orossee, ia contin* 

ved along the interspace of the bran- MnirimMiui orguu. Onur. 

chin towards their extremities which 

are farthest from the mouth, where it terminates. The ovarium snr- 
ronnds the intestinal oonTolntions, and forms, with tiie liver, the chief 
part of the visceral mass. 

mnoPonA. 

703. In all the Mollnsca provided with a head, de capability of 
locomotion is always considerable ; whereas in the aoephalons (head- 
less) mollnsca it forms the exception — not the rtje. 

704. The pi«ropods are provided with two fin-like muscnlar ex- 
pansions, attached to the sides of the neck, which, from their resem- 
blance to wings, suggested ptetvpoda (teing-foot) as the name of the 
class. Some of these animals are provided with a light and delicate 
■emitrausparent shell. 

705. In the BycUaa, it resembles a bivalve shell, of which the 
two valves have been cemented together at the hinge, leaving a nar- 
row fissure in front, and at the sides. In Cltodora, the two plates 
of the shell are united together along the sides, as well as at the 
base, leaving an opening only in front Some {CKo, and others) are 
naked, or unprovided with riiells. 

706. All the pteropods are of small siie; they float in the open 
sea, often at a great distance from ahore, and in latitudes that suit 
them they swarm in saoh incredible numbers, as to discolor the sea. 
The huge whale, with its remarkably small ceMphagus, chiefly sub- 
sists on the Clto bonalit, and Limaroina, both of whidL qwdes 
aboond in the northeni peas. 
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707. In the HyaltM (Fig. 261), the hnd (a) ud fina (i, &) fmm 

together a Urge division of the body; the portion oonttining the 

viscera, and whioh is lodged in the shell (c), oonBtitntea the abdomen. 

70& The month is a 

FiS. »*L Fia. ML hi.,..™ 

small longitadinal no- 
snre (a, Fig. 262} at 
the ^ex of two diverg- 
ing emiuoioeB; it oon- 
teins a tongue covered 
with a thin, horn; plate. 
There are no salivary 
B7tfm,inUi>lMa Siitita™^^ojngio« glands in this epede^ 

hnt thej are found well 
developed in the Clio. In both these animals the narrow lengthened 
cesophagns, which passes under a broad orerebr&l ganglion (y), and 
dilates is the abdominal oavity into a membranous crop (6), is 
slightly marked internally with longitudinal plion {folds). This first 
digestive cavi^ opens directly into a short t^lindrical muscular p^ 
lard (c), likewise maAed with loog^tadinal folds on its inner sorfaoe, 
and lying, like the crop, over the great retractor mnBcle (i), by 
whidi the animal draws its head and fins {i, t) into its sheU. From 
the muscular g^raard, the long narrow intestine {d, e,/) makes a 
double turn round the lobes of a small liver, and oontinnes nearly of 
nniform thickness to its termination on the right aide of the neck, 
under the right branchial fin. 



LESSON XLVII. 

NITTBrnON IN THS OA8TSB0P0DA, ABD CXPRALOPODA. ^ 

709. In the lower Oaateropods, the reepiratorj organs are ex- 
posed, some on the baok (Eolis), or the sides of the baok ; some at 
the lower part of the body, between the foot and the mantle ; and 
srane aroond the body, as in the patella (Limpet). 

710. A fignre is ^ren of JEolia Ittoa (Fig. 268), in which tiie 
back is nearly covered witb a series of reepiratoiy sacs. 

711. The greater variety in the food, and habits of life of the 
Gaateropodons Hollnsoa, renders a more oompUoated and varied 
form of the nntrimental organs esNntially neoe—ary. Thus, the 
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iaai speoiea {SnailM imd SlugB) feed on the natritiTe T^teblsB of 
the euth ; many of the msriue kinds (Dorii, Eolii, Tr^onia, &c.) 



on the lowest fuoi of the Sea ; whilst many others are oamiroronB, 
and feed on liTing prey. 

712. The Aplysia rw.««- 
f aetata feeds on coarse 

marine plants, and like 
the herbivorous quad- 
rnpeds, presents a com- 
plicated condition of 
the alimentary appara- 
tus. The broad labial 
tcntacula (a, Fig. 264) 
are moved by strong 
mascular bands (5). 
The lips are supported 
by two cartilaginous 
(gristly) laminse (or 
plates), and the tongue 
is covered with minute 
recurved teeth. 

713. The wide 
muscular cavity of the 
mouth (o) receives the 
terminations of two 
salivary glands (e). 
The short, narrow oe- 
sophagus ((Q dilates in- 
to a large membranous 
crop (t) ; this crop, or 

paunch, ocDupies the Kuw,n.nt^ «nf"^ Api jd. ncuu 

right side of the abdomen and opens laterally into the smalle&t, 

middle stomach (it), which is provided internally witii numerous 
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broad, flftt, horny teetli, which serve to divide the softened vegetable 
matter transmitted in small portions from the first stomaolL 

714. The third oavity (J) of this oomplez series of stomuhs, is 
pUoed on the left side of the abdomen ; it reoeives by several wide 
ducts, at its pyloric orifice, the secretion of a lai^, lobed liver (o), 
and of a long, «ngle pancreatic follicle ; its inner parietes are for- 
nished with several sharp, homy spmes, to as«st in snbdividing the 
coarse food, for the pnrpose of admittiag the solvent gastric fluids. 
The intestine (m) forms several convolations roond the liver (o), and 
after a lengthened oonrae, without forming an enlargement, it opens 
on the ri^t side (n), near the posterior portion of the body, and 
immediately behind ^e heart {q,r) and the large gills (;>). 

715. In some of the Oasteropodons mollnscs (as we have seen), 
there are as many as fbnr distinct gastric cavities; homy teeth are 
more or less found in the interior of one, or more, of these sacs, in 
addition to the armature of the tongue, by teeth of various shapes 
and sizes, which obtains extensively in this class. 

j^^j^ 716. A figure of the teeth of the tongue 

of the common Whelk (BueoiTwm wtda- 
turn) is given in Fig. 269. In the Limpet, 
the tongue is longer than the whole body, 
and is covered with transverse rows of sharp 
recurved spines, by which they are enabled 
to file the coarse mame plants, on which 
they sttbrist. 



717. These animals, for the most part, 
are free, naked, and predaoeoos; they are 
'''**'^''BSimSf(Wh^2)I°°'°' P""'»'*sd *'*•» powerful organs of prehen- 
sion, and mastication, and their short al- 
imentary canal is ftimished with highiy developed salivary, biliary, 
and pancreatic glands. The moscular bulb of the month contuns, 
in the naked species, two strong, curved, sharp, homy mandibles, 
very like those of a parrot 

718. The short muscular tongno is covered with rows of sharp, 
homy, recurved spines (as already noticed In other mollnscs), attach- 
ed to a cartUaginooB base. There are two pairs of salivary glands; 
iQ upper smaller, and an inferior larger pair — ^both of which are con- 
glomerated (a round matt— a iaS)i '•'^^ lobnlated (composed of 
hbn). 
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719. In the Nautilus, « ehort ph&ryux (a, Fig. 266) lead^ to the 
ceeophagna (&), which diUtea into a crop (c), with well marked Ion- 
^tndin&l folds. Below this first caTity (c), a narrow tube conducts 
to the second stomach, or muscular giuard (d) ; this is situated on 
the right side, and varies iu its form, mosoularity, and relative Hise, 
and is provided with a tMck, tough, ooiiaoeoos internal lining, to 
protect it from the hard shells, and other dense 

substances taken in with the food. ^'°' '**' 

720. The muscles of the ginard radiate from 
around a mcnUr tendinous part on each rade, or 
pass continoouslj over the sldea of the cavity. 

From the left side of Uie ^lard a passage, 
generally short, and wide, leads to the third 
Btmnsch («), which in many Cephalopoda has a 
eonvolnted spiral ahape, and presents intornally 
numerous transverse folds of its mucous coat 

Passing to the left side from the third, or ^''*^™)jf '">*°^ 
Bjnral atomach, the intestine (/) forms a short 
single convolution near the left branchial heart, then aseenda along 
die fore part of the liver to t«rminato between two tongitndmal 
strong muBOular bands near the base of the syphon, by a tree external 
orifice (^). 

721. This third gastric cavity forma (in Nautilus) a globular 
aac, plicated internally, witii parallel folds. The intestine forms ft 
short, single oonvolutios directed downwards, then ascends to the 
fore part of the liver, to termbato between two strong muscular 
bands, near the base of the syphon. 

722. Destitute of a shell, as the great majority of the Cephalo- 
poda are, they are left (^parently) without the means of proteeting 
themselvee from the thoosands of foes, ever ready to destroy them. 

723. Their naked, plump, soft, gelatinous bodies, ofier an irresist- 
ible temptation to every fiah that swims the ocean ; to Lobsters and 
Crabs ; and to nearly every marine animal. 

724. The wisdom and beneficenoe of an all-wise Providence is 
ringolarly exhibited in favor of the Cnttle-fishea, for he has given 
them a pasuve means of dofcmoe, vaatiy more effioaeions and superi- 
or than physical power, or great warlike eiqwbiiitiee : he has simply 
Punished them with a bag, fall of intensely black ink ; if pursued by 
an enemy, for even the shortest apaoe, the creatures at onoe discharge 
the contents of thia bag, which instantly renders the ocean, for a 
great apaoe above, below, and around, exoeedingly blaok and turbid, 
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— ^moreover, it affects the eyes of other animals : in the meanwhile, 
the Cuttle-fish escapes ! 

725. The situation of this bag differs in the yarious species, but 
it is usually found adjacent to the liver. 

726. The beautiful black pigment known as " Indian Ink," is 
made by the Chinese from the inspissated (hardened) contents of tiie 
ink-bag of one species, and the no less beautiful color. Sepia, from 
the ink-bag of another species of Cuttle>fish, so that the Fine Arts 
are greatly benefited by the means necessary to insure their lives. 

727. But the most surprising fact in this connection is, that the 
contents of the ink-bags of a number of fossii (JutSs-JUhes has been 
made into an ink (in England), and the frontispiece of a pamphlet 
that went through a very large edition, printed with it ; in color, it 
bears a close relation to Sepia.* 

728. The Cuttle-fishes being shell-less, require a bone of some 
kind for the attachment of their strong and powerful muscles, and 
to pre general support to the body. For these purposes, they are 
provided with an internal skeleton-^the only animals amongst the 
invertebrate (save certain polypes) similarly provided. This bone, 
which extends nearly the whole length of the body, is called ihs 
gladius (a sword), and is as varied in form as composition. 

729. In some species it is long, and shaped like the feather of a 
bird, the quill portion being inordinately long, whilst in substance it 
is scarcely cartilaginous. In the common Cuttle-fishes (Sepia 
ojfficinaKsjy it is thick, and broad in shape, having its animal mem- 
brane consolidated by the carbonate of Hme. 

780. The bone of this animal is common in every Ghemist's 
shop, and (in this country) is placed in the cages of Canary and 
other small birds; considering that it is solidified by an earth so 
weighty as carbonate of lime, it is, above all things, remarkable for 
its extreme lightness ; we will see what causes it 

781. Take a portion of such* a bone, break it, and place it under 
the microscope— the secret of its lightness will soon be revealed. 

It will be seen that the structure consists of a number of strata, 
or laminae, of inconceivable thinness; these are separated from each 
other by a vast number of pigmy pillars (Fig. 267), which necessa- 
rily admit of a current of air to pass freely between the laminated 
plates, which not only imparts lightness to the fabric, but must give 
great buoyancy to the animal 

* The Author poM Mwa a copy of th« pamphtot in qaettton. 
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732. It is an inoonoeirsbly prattj sight to see & Cattle-flBh Muih ; 
bltuhing ifl by no mmns limited to them, for other naked (sheU-lesB) 
moUnsoe do the same ooouionaU;, bat 
in ui inferior degree. When one of these 
oreatorea is brought on deck from a 
dredge, and placed in a dish of sea- 
water, after a fW mlnntee the vhitenees 
of its skin will disq>pear, and its entire 
bodj and tentacles beoome sufiosed with 
ft pale pink oolor, which gradnally be- 
oomes somewhal intenufied : — this is the 

V|_.i, BaaUan of Cattle-Bih booa, dik- 

Oinan. mugj y^ diiin»ien. 

Left to itself, the animal will soon 

resame its former oolor ; it is, however, otsj to kill them preserving 

the blosh permanently in deatL 



LESSON XLVIII. 

VCTBinOH IK nSHBI Ain> BSFTtLXS. 

738. For the most part, these ^nimula are predaoeons, and swal- 
low their prey entire ; their ceeophagos is oonseqnently short and 
wide, their stomach m^Hwioas, and their intestine short 

734. Their aoorasory glands are moderately developed, and their 
teeth are adapted to prdienuon rather than mastication ; of the 
straotnre of these o^ans, more will be mid hereafter. 

735. The alimentary canal of fishes is generally more short and 
simple tiiaa in higher rertebrata, whioh agrees with their predatory 
habits, and their inferior porition in the scale of being. 

736. With a short osophagos and a capaoions stomach, with its 
two orifiees approximated, the whole digestive oanal of fishes is often 
diortar than the body, as seen in the common Herring (Glup«a ha- 
rutgua). Pig. 268, where the narrow cardiac part of the (eaophagas 
(a) opens into a lengthened tapering stomach (i), oommonicating by 
a long dnct (m) witb a large air-bladder (7). The dnodennm, c 
{twelve ; bo called beoaose the hnman duodenum is about twelve 
fingen in length ; it is tiie first of the small intestines), is provided 
with nnmerons panoreatio tnbnli (<j), which remind as of the eight 
nmiUr fi^lieular i^ipcndages benmtii the 01x9 in the Cookroacheei 
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From this point, a ehort intestine («, «] txiaee, wMoh opens into Ae 
cloaca (/). The aoft too {h, h) of the male fish, like die orarinm of 
the female, empties its coDtents throngb the oomnuai doot (i), aad 



ITntrfmantal oi^uu, Hwrtu^ 

finally by the aperture (I) beyond the cloainl outlet (/). This one 
figure is a sufficient demonstraUon of the general arrangement of the 
Dntrimental organs in the claae of Fishes ; the modifications to which 
it is subject being too unimportant to need oomment : we therefore 
proceed to the class of 



737. These animals, like the Fishes, are predaeeons in dieir 
habits, and swallow their pray whole. They hare loose and feeble 
articulation of the jaws, which greatly farors such prooeeding, while 
their teeth are sharp, slender, and fitted as prehen^ organs, but ill 
adapted to the purposes of mastioatian. 

738. The bug, free bifid tongue of the Fro^ ooTered with pa- 
pillse, and muciparous (mucous) follicles, is the all important instru- 
ment for the procuration of food. 

739. It is attached by its apex to the inner sur&oe of the under 
jaw, the base heang loose and &ee in the back part of the mouth. 
A Ftog will never touch any save a liring inseot, and of this fact it 
requires such positive and ooooln«Te eridenoe, that the latter often 
escapee before the former is suffioiently stjmnlated to attempt its 
o^ture. 

When once a Frog fixes bis eye on a lively living insect, his whole 
^tpearance is suddenly changed. The passive, slug^sh ammal of 
the minute before, has suddenly assumed the aqtect of ferocity. 

740. If it be a fly at some distance from the &og, on the carpet, 
the latter, hk eyes full of malignity and oraft, stretches oat his 
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limbfl to their ntmoet ciifMuntj, and creeps tomrds the insect in the 
most atetltby, noiselete maimer poeuble ; as soon as he arrires within 
a certain distanee of his victim, the tongue is thromt out so rapidly 
that it esoapea deteotioa ; but the fly has been Btmok, glued to the 
tongue by the mucus on the surfaoe, and retnmi wiUi it into the 
Frog's month. 

741 . The senses of hearing, sight, and atnell, are voaderfuUy acute 
in these animals. No one would believe that a fly alighting on the 
Burf&ce of a carpet, would be accompanied by any appreciable sound, 
and (so far as our sensatious are concerned) Uiis is quite trae ; not 
so with a &og, however ; the fly may alight at a distant part of 
the room, and the frog's back be turned from that direction, yet he 
hears it instantly, turns round, and proceeds to effect its capture, in 
which he very rarely fails ! 

742. The mode hy which a frog is enabled to seise its prey, is 
in tliifl wise: stimulated by tiie nght of it, the tongue beoomes io* 
jeeted with blood, through the influence of the imagination, nnUl it 
is quite turgid or ereet ; at this instant, it can be thrown out and 
used. The action is like letting the back of the band fall quickly 
firom the elbow-joint, ^^ ^^ 

without moving the 
wrist, and allowing it 
quickly to rebound. 

743. The process 
requires to be swift, 
for the breathing of 
the frog is suspend- 
ed M long as the 
month remains open. 

744 There is not 
in nature a more 

harmless or valuable '**** »d Pri-. of th. F^g. 

animal than a frog, nor one, whose presence in gardens should be 
eo much encouraged, for they consume only insecta, spiders, and 
slugs, aud the quantity of these they destroy is quite inaralible. 

745. It has been remarked that the teeth have a prehensile 
character in tho frogs, but this cannot be demonstrated in Fig. 269, 
ix^iied from a minutely injected preparation of the palate of a frog, 
beoanse the q>eotator looks direetly down upon the teeth, whereby 
the pointed apices escape detection ; moreover, he denres to sec the 
blood-vessels, to do which, cnta off (apparently) the points of the 
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teeth. The teeth (a, a) ue seen in their Bocketg, but to di^tly at- 
tedifld that man; of them are nuanng; neitheris their sharp, pointed 
oharaat«r oonqncnons, being oonoealed by Canada balaam. Tho 
injection has ran so miautely, that the polpa (b, b) of man; of the 
teeth are injected. Two eminenoes ma; be seen to the right; theee 
are the palatine bones, and to each, three and fonr teeth are arti- 
onlated ; In the frog the teeth are confined to these bones and the 
npper jaw. The beaut; of the Tasonlar (vessels) arrangement of the 
mucous membrane of the palate, need not be innsted oa 

746. The strong mnsonlar (Beophagiia is short, dilatable, and Ion- 
gitndinall; folded ; it leads to a narrow, elongated stonuMdi, plaoed 
transrersel; &om left to right, with thick, flesh; aides, espeoiall; at 
Uie p;lorio eztranit;, and corered above b; the two lobea of a lai^ 
liver, alwa;s provided with a free and distuict gall bladder. 

747. Injeet«d, opened, and miorosoopioall; examined, the stomach 
of a tr<^ presents all the elementa of a tme digestive oavity. Its 
mneons membqme is traversed with capillar; blood-vessels, whieh 
naalj on the sur&oe of the oell^walls, ererjrwhere oonspicooas (Fig; 
270). Hucus issues from the oells, and a gastric fluid is secreted 
b; the capillaries of the muooos membrane, so that the resolution of 
the food is aeeomplished on preoisel; the same principle in a frog as 
in a man. 

748. The duodennm is remarkable for the entire absenoe of p»- 
pilln (poptJ/o, a teat or nipple), but it is provided with transverse 
folds of the intestine, called valwia cormiventtg (valvnlar folds). 
These valvular folds have edges like papillss, but, instead of being 
diitiuot bodies, staretch across the intestine as one single fold. 

Fn. im i^ m. 
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749. This is shown from the injected duodenum of a frog (Pig. 
271). The villi (or papillie) of the duodennm, that we look in vain for 
in the Frog, present themselves with all their abaraoterisUos well de- 
veloped, in tbe duodenum of the Toad (Fig. 272). 
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Tbs Bune ihort, broad, BC[aan-«hkped orgui thftt belongs per- 
ristently to tbis portion of the inteBtiiud ouibI in nil the warm- 
blooded animals, u eqaallj oharecterifltio of the duodennm of a lowly 
Batraohian I 

The folda that were tnumerae in the dnodenom, beoome lon- 
gitndinal in th« ilenm, and display a beautifiil arrangement of capil- 
lary blood-Teasels (Fig. '213), as shown in the figore, copied from an 
Injected preparation of the tissue. The large intestine (tx>lon), al- 

Tm. m. Fia. 1T& 



though destitute of folds, presents a fine exam|)le of capillary dia- 
tribntioD, and is shown in Fig. 274. 

The mocons membrane of the large intestine presents great oni- 
fbnnity in both frogs and toads, and consists of a plexus of oapillkry 
blood-vessels, which appear to cross the larger ressels of snpply and 
return (arteries and Tcius) which are utnated in the snb-mnoons tisane. 

The mnoons membrane is so thin and transparent In these ani- 
mals, tb&t the larger vessels oon be distinctly seen in a well-injected 
preparation, tbroogh its parietee ; this is shown in the targe intes- 
tine of the Frog, Fig. 274. 

750. The Batraohian reptiles [bairaehoi, a frt^), whieh melode 
the frogs and toads, an not an^hibiout — they are air-breathing an- 
imals, and oannot respire at all under water. If t, frog be kept be- 
neath the Bur£ioe of the water he dies, in 

,- , , Fi»«*. 

not exoeedmg fonr hours. 

751. There are reptiles, however, 
supplied with permanent gills, for aquat- 
ic respiration, and lungs, for breathing 
nlr, and these coustitate truly amphibi- 
ous animals. The ponds of this country 
teem with & very interesting amphibious 

reptile — the MeTtobranehta (permanent j^j_g jQisUag, rng. 

fpUi), usually called " the mud snoker." 

752. In form it is somewhat Lizard-like, having a hmg body, four 
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short Ic^ and a tail of modente lengtlL Its head it broad and 
flat, at the base of which th« " pemunent gills," from whioh its 
Greek name b derived, are seen on either side. 

758. Its internal Btraotnre agreea, in general particolars, witb the 
frogs ; the stomach marks a slight advanoe in relation to the great 
regularity asd distinotaess of the mooous cells, and o{ the deep^eated 
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ci^illaries (Fig. 276); so, too, the ileum (Pig. 276) shows the Ion- 
^tudinal folds, and the capillary arrangement in great perfection. 

754. Another of these Amphibise, the Xenopoma (permanent 
holes), like the former in siie and general particolars, bat presenting 
a series of holes at its sides, like a Lamprey, and not yet foond in 
this country (so &r as known), bat indigenotts to Africa, presents a 
still farther advance in the structure of the stomach (Fig. 277), by 
displaying in each cell two mucoas tubes. 

755. It is deeply interestiag to trace the gradual development 
of such aa important organ as the stomacli, from its condition in a 
batrachian reptile up to man, and tim principle will be fijllowed (as 
far as expedient) henceforth. 

756. Passing the Ophidian reptiles (makes), and the Sauriant 
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(lizards), we come to the ChAtnian order (turtles, tortoises) ; here 
we find that the nntrimental organs (especially the stomach) have 
gamed a great advance. The injected stomach of the Snapping 



iJt8BOir49.] inrrRrnoK IK BQtDs. 119 

TurSs (Fig. 278) well illustrates this &ot We here see the gastric 
cells of the mncons membrane of large size, and the capillaries me« 
andering on their surface in a tortuons direction. 



•»• 



LESSON XLIX. 

HUTBITION or BISDS. 

757. In this class the alimentary apparatus is adapted for the 
higher forms of animal and vegetable matter, which thej obtain in 
the air, in the waters, or on the earth. The jaws hare their margins 
covered with homy plates, like the Chelonian reptiles, which vary in 
their forms according to the kind of food they are destined to 
feed on. 

758. The broad, depressed bills of Ducks^ OeesSy SuHins, and 
many other aquatic birds, with dentated edges and soft, sensitive lips, 
are well adapted for obtaining worms, and other small objects under 
water or in mud. The flat, spatulate jaws of the SpoonkUls are 
adapted for quick, lateral motion in the water, and for extracting mi- 
nute animals from the moist banks of lakes and rivers. 

759. The sub-maxillary pouch of the Pelican serves as a net for 
seizing fishes ; the straight, sharp bills of Cranes and Storks dart 
with precision through the water upon their moving prey, and the 
long, compressed bills of Cormorants, Chdls, Albatrosses, and other 
predaceous aquatic birds, terminate above in a sharp inverted hook, to 
seize firmly the smooth, scaly bodies of fishes. The broad bills, with 
cutting edges, of the Struthious (pertaining to the Ostrich, two- 
toed) birds, are adapted to prune the leaves and shoots of plants, 
and the long, narrow bills of Woodpeckers to be inserted into small 
crevices to seize minute insects, and most of the insectivorous birds 
have a similar structure on a smaller scale. 

760. The long, tubular beak of the Humming-bird is suited for 
insertion into the corollse of flowers. In the ChrosheaJcs and Cross- 
hiUsj the Sparrows and BtmHngs, and all the granivoraps (feeders 
on grain) order, and in the common poultry, the bills form stronger , 
and shorter cones, broader at the base, to break down and remove 
the hard coverings of grain. In the climbing Cockatoos, Parrots, 
taxAMaccawSy the broad and powerful bills serve as prehensile organs, 
and to break the hard, shelly coverings of seeds. The bills of EagleSj 
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Vultum, HauHu and OvAt, ind other rtpKoious birds, &re strong, 
short, oompreeHed, mrobed, onrred at the point, dsnae in their tex- 
ture, and vith sharp, cutting edges, to seiie, aod tear, and cut the 
flesh of living prey. In fine, the exlMmal forma of the moutb cor- 
respond with and indicate the Btmotare of the intomal organs of di- 
gestion, and afford uaeM oharaoters for the diririon of the chtse. 
^^ j^, Want of space, however, will 

not permit more than two il- 
lustrations of the digestive or- 
gans, and the birds selected 
for this pnipose are the com- 
mon Fowl and the Crow. 

761. The length of the nu- 
trimental canal difiiers great- 
ly in the several orders of 
Birds ; it obeys the common 
law of being ehorter in the 
flesh-eonsDming tribes, and 
of greater length in those 
feeding on a vegetable diet. 
In nearly all the membvrs 
of this class, the food is de- 
tained in a preliminary sac, 
formed by the dilatation of 
some part of the month, 
pharynx, or oeaopbagnfi, be- 
fore it passes into the sto- 
mach, and in this receptacle 
it frequently undergoes a 
partial state of digestion. 
In most of the small birds, 
feeding upon grain, and in 
the common poultry, a spe- 
Alinentary caai. Fowl. oial gao IS developed from 

the oesophagus, called the crop (&, Fig. 2T9). The food is allowed to 
lie and maoerate for some time in a fluid abundantly secreted by a 
number of follicles situated in the walls of the crt^, which prepares 
it for the more perfect prooees of digestion, which it will receive in 
the stomaofa, 

762. From the crop the owpbagns (a) wmtiiUMB, eidulnting 
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»ao&tr bat sUglit otlaigament (e) before it eaters the Btonuuib; thia 
second sao is oalled tlie " provenbioalas " {pro, before ; vtntriouttu, 
die stomfleb). This Utter orgui secretes a gutric fluid proper, vhich 
additjcnslly prapares tbe fyoA for the stomaoh's action. The gis- 
lard, or tme etomach of theee birds {d) next snoceeds, and if its 
sbvctare be found oa inreBtigatioii to be peculiar, bo at least is ita 
iiuiDtioD. Examined oarefally, it vill be found to poKess tvo psirs 
of muscles ; of these, one pur is moderately, vhile the other is most 
immoderately, developed ; the interior, too, is lined with a bard, cal- 
loos, non-Tsscular, perfectly inseosible, membraue. 

763. Tbe action of these muscIeB is to press the sidea of the 
stomach (gixssrd) firmly together, and produce and sustain a lateral, 
grinding motion, by which means the hard food may become thorough- 
ly triturated (reduced to a very fine pulp). To ossiBt this moat 
remarkable process, these birds always sw^ow small particles of 
fiint, for without its agency the probability is that the perfect reduo- 
tion of the food could not be accomplished. These flinty particles, 
combined with the constant, firm, lateral motion of the muscles, and 
uded by the insensible lining membrane of the gisHud, form an ex- 
oellent apparatus for the purpose required. 

764. Those persons who keep Canaries, and other singing bbrds, 
instead of sprinkling fine gravel on the bottom of the cage, that the 
poor birds might help themselves to flint, to assist their digestion, 
usually give them a piece of Cuttlefish-bone (Carbonate of lime I), 
iriiich is useless. 

765. The consequence is, the poor creatures sicken (of dyspepua) 
and die ; if any one will make the experiment, and tiy the effect of 
some minute particles of silica on their favorite song birds, the ex- 
treme greediness with which it will be consumed will speedily assure 
them of the necessity for its continuance. 

766. Tbe liver, of fair dimetisiona {«), discharges its secretion, 
by its proper duct, into the duodenum ; tbe 

well-formed gall bladder (/), and a pan- 
creas, or sweetbread (g), are also met 
with. The duodenum (h) succeeds the 
etomach, or ^isard ; if the latter be found 
devoid of blood-vessels, the like cannot be 
said of this commencement of the small 
intestines, for, on the contrary, its inner 

sor&oe is densely eovered with villi (like _^.^__^_^.^__^ 

He jni.o/ tii^rt, ai gimg .Telnt, Tim ,« «,. d«J..a„ * . p..i 
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appeuance to the inteatines), of onnsoal eise, uid remarkftble for th« 
squareness of their oontour (Fig. 280) ; it will be Boen, by referenee 
j,,g ^gj_ to the figure, that the villi are in- 

tensely vascolar. To this snoceeds 
thff small intestine (t, t), the ocBonin 
(k), and the large intestine (m), 
terminatiiig in.the cloaca (o). 

In the eommon Grow, the ali- 
mentary canal possesses much gen- 
eral agreement with tha lihe organs 
in the Fowl ; points ef difference, 
however, occur. 

A portion of the cBsophagus (a, 
Fig. 281), together with the gii- 
nrd and contmenoement of the 
dnodenam, has been accnrately 
oopied from a dissectioo. It will 
be apparent that the ^klargement 
at uie cardiac portion of the ceao- 
phagoB (b) exceeds that of tiie 
Fowl 

The pylorus (d) marks the 

Gizzard. daodcnBin, *t. Crow. pomt where the dnodeDUm (c) 

oommencea. The giczard («), although not very large, poaBeases 
muscles of great, power. 
These will be better onder- 
stood by consnlting Fig. 
282, in which this organ is 
seen cut open. The lower 
part of tike eesophagos (a) 
coudnots to the cardiac en- 
largement {b). A mosole 
of the larger pair is ent 
through at c, and a muscle 
of the smaller pair at d. 
The deep folds and wrinkles 
of tiie interior of the sto- 
mach (g^xsard) are referred 
to ate. 
The intestines exceed in length dioee of the Fowl, and terminate 

without the development of a oceeal appendage. 



Oliiard laid open. Cm 
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LESSON L. 

WmnOS IN THE UAUHAUA. 

707. Tbe digestive orgKoa twj more in ihia oUss th&n in any 
other of the Vertebrated Miimale ; moreover, they present the bigh- 
eet type of derehipment in the Tuions organs oonueoted with the 
fbnotion of tmtrition. 

768. The bi^ oondjtion of their oi^ans of genae ossiat these 
aaimala to peroeire nuDoter differences in the chemical and physical 
properties of tiieir food ; while the etmoture and fixed position of 
Ibe t«etb enable them to oommiuate their aliment, and mix it suffi- 
eimtly witli the secretion of the salivary glands, for the final pnr- 
poMB of digestion. 

769. The BailenHa {ffnawing) present some striking pecnliarities 
in ooimeotion widi the development of their uatrimental organs. 
Althon^ possessing bat one stomach, it 

oontains, nevertheless, the elements of 

two very dlstinot organa. The stomach 

of the common Kat (Fig. 288) ofiers a 

good illnstration j the oesophagna (a) 

oommnnicatai with nearly the centre of 

the organ, and can, with the like ease, 

deposit food on either side. By inflating 

and diying saoh an illnstoataon, a line of 

dsmaroation will then be viuble, olearly bioduc a e l 

dividing the o^an into two dlstinot parts ; that towards the pylonis 

(&), on the right side as it lies in sitn (<f), will appear to be tAtak, 

as if eomposed (as in tmth it is) of the three coats common to snob 

an organ ; on the left ade (<) there is snperior transparency, and a 

number of lines, ridges, or ftirrows, transverse in their direction ; tiie 

dwdennm ciminienoes at c In the figore the organ is reversed, but 

it k everywhere described oorreotly. 

770. If) instead of inflating and drying the stomach, it be oat 
open for examination, Uie left side («) will be found devoid of mnoous 
membrane, or mnsoular ooat ; both of which, together with an ex- 
ternal seioas ooat, are found in connection with the right side (d). 
To render our examination complete, we should try the injecting 
syringe, to ascertain the rasoalarity of the organ, and here a very 
interesting fhot is diselosed : the right ridt of the stomach is in- 

12 
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tensely TSAOolar ; — die left nde oonEiBtB of & hud, oftUooB, iiuenBible, 

P^ jg^ Don-TuonUr membnuie, oompantble in . 

ever; reapeot to the membrane lining the 

giuard of the fbwL An injeoted prepa- 

ntion of the stomaoh of the Hnsk-Bai 

(bo &T u it is Taandar) ia offaied in 

Fig. 284; it ia naeUBs to attompt *• 

■how the o^bxa hal^ fbr not one angle 

Teseel doea it poaaess. Bat tlie mneoaa 

Hocou mtmbrue of ■taauata, membrane of a troe digestire cftri^ ia 

'"^' admirably ahown in the raaoolar portion. 

771. Man; of the Bodenta (the common Bat, fbr example) are 
onuiiToroas ; feediDg indiscriminately npon all that oomea in their 
waj ; at one time eating flesh, at another grain. 

772. It haa been supposed, therefore, that flesh vonld be plaeed 
in the right nde of the stomach, and digeeted on the principle com- 
mon to all eanuvorons ammals ; and that, when a material aa re- 
fractory as wheat waa purloined from a former's granary, it wonld be 
traaafnred to the left side, and beoome sabjeot to the same kind of 
toitnTation as if found in the pnard of a fowl 

775. But inasmuch as oU the gnairing animals (Bodents, including 
sren the Mice) possess the same kind of atomaoh, and many of ^em 
are atrioily vegetable feeders (Mnak-Bat, and others), this opinioBmnat 
be ^ven np, and at the present nunnent we can only eonfesa oar ig- 
noranee of the intention and special nae of this remarkable dual (two) 
organ. 

774. The wants of those animals designed to feed exelnnvely oa 
grass, are peooliar, and necessitate an arrangement of the natran«i> 
tal organs of snoh a kind, that no parallel ean be found in the animal 
kingdom, except ia certain Insects, organiaed to ooDsnme the same 
material, and there ve find a like ad^itatioa of parts. Of all the 
various forms of food given to animals as their natural pabulnm, ncme 
is finmd to oontun such a mere atom of nntrient material as grasK 
Moreover, the nutriment, small aa it is, is looked up in a paitieulw 
manner, ao tiiat the means in ordinary use for the reeolntion of other 
substances, are altogether inadequate for the dissolution of a substanes 
•0 refraotory and unyielding. 

776. In tibe herbivorous quadn^wds (Cows, She^, Deer, dbo.) we 
find four distinot sacs, or stomachs, devoted to the reception, maoer- 
ation, and digeetioo of the food (Fig. 286). 

776. In a state of nature, the herbivora, naturally timid, and 
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dreadii^ unalto from thdr flMi, tba Feline aiuDuIi, go to tlie pea- 
tnrea in floeks, for mabul protaetion. Here they will be seen bi^y 
engiged in eropping the horbage onlj, wad tm. ml 

when tbur hanger is Mti^ed, thej hie 
swvf to aeonn uid ihsdy retrette, to di- 
gest, at their leirore, the mnterial they 
hare provided for that pnrpoae. 

777. In a domeetioated atate thej haTa 
no eaaae for foar, and as aooa aa they ftel 
aatiafied, they throir thonselves huily and 
Ustiendj on the graaa, to vaamtaiix Aa 
proeeea known aa " nimination," or " ohew- 
Big the end." ■ 

778. While BteadOy engaged in erop- flo-"!*!- 

|nng the gran, the orade food ia paaaed down the (Mophagtu (a) 
to the Jtnf ttamaeh, which is by far die largest (&). 

779. This is called the ingluvie*, or pavnch, uid ia simply a 
hngo eolleoting bag, analogous to the crop of a bird, or an insect. 
The food lies macerating in the paanoh, in a fluid, apparently of no 
chemical ngnificance, aeorated by the oigaa 

780. Daring the period the animal has been collecting graaa, 
some of it has been aqneeaed oat of Ae orer-distended paouoh, into 
the tteond riomaeh, or rtHetHum, ao called from the htmeyeomb-like 
rtmctore of its interior. Thia atomach (e) ie email, ita inteniKl snr- 
foee oonmating only of honeycomb cells ; into these the morsels of 
grass expressed from the panneh go, and by the action of the mnaoo- 
lar eoat of the stomach, aided by a little water generally foand in 
the oells, ^e grass becomes oonverted into a ronnd balL 

781. When all is pT^)sred for ramination, one of these balls ia 
suddenly jerked np the msophagos bto the month, and eabmitted,- 
for the first time, to the action of the grinding teeth. 

782. These organs are of peealiar stmctare, as nil be hereafter 
seen ; a most lengthened process of mastication now commenoes, and 
oontemporaneonsly the ftwd is thorongfaly inaaliTated frmn the oopiona 
seoretion of the aalivary glands, which are always well dereloped in 
these animals. Thns the ritality (rf the grass is perfectly destroyed, 
and it is at hst fitted to descend the CBSophagns, a seeond time, 
with its tissnee loosened, and prepared for the nltimate process of 
rasolntion by the stomach proper. It desoends the csM^hagna, but 
it pasaea neitlier into the first nor seeond stomaeh, bnt, by means of 
two thick mnscnlar folds placed aeroA the opemng vS ooumonioation, 
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a oanal is formed whioh oonduots to the third stomach, the amcisumy 
or many plies (d). 
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LESSON LI. 

NUTBITION IN MAMMALIA, COMTHrUED. 

788. This stomach is of much greater dimensioiis than tiie second, 
and much longer than wide ; its interior consists of a vast number 
of folds of a membrane, hence the word many plies, or folds, whereof 
every alternate fold is large and deep, and the intermediate one short 
and shallow. The food gets impacted closely within these folds, and, 
from its appearance, no less than the quantity of moisture found always 
in the membranous folds of this stomach, its function appears to be 
to press the food, and absorb from it all extraneous moisture. The 
effect of these folds is like that of a series of damp towels, and it is 
quite remarkable how compact and comparatively dry the food be- 
comes in the omasum. In due time it passes through an aperture of 
communication into the dbonyisum, or reed, the fourth and last sto- 
mach (e). 

784. Examined by the microscope, this is the only organ pos- 
sessing a mucous membrane organised to secrete gastric juice and 
mucus, and digestion of the food in this stomach appears to proceed 
precisely on the same plan as in those animals possessing only one 
stomach. These animals, therefore, in common with insects, possom 
really but one digestive sac, all the others being auxiliary, and en- 
dowed with functions extraneous to that of true digestion, but neces- 
sary and essential, from the unmanageable nature of their food. The 
duodenum b seen at/. 

785. In the Oamels and Dromedaries, the second stomach be- 
comes of great importance, as its cells are employed as a reservoir to 
contain large quantities of water to supply its daily need when trav- 
ersing the dreary and parched deserts, where no water can be found. 
The sur&ce of these cells (in them) is covered with a layer of muscu- 
lar fibres, and the animal possesses the power of opening these aper- 
tures, to admit a small supply of water only to escape, and dosing 
them again, as soon as its immediate want is supplied. So great is 
their thrift and economy in this respect, that Camels have frequently 
been known to travel for thirty days without water. 

786. The length of the intdtinal canal is always great in vege- 
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table feediDg uiimaU ; tboa, in Uie Sheep, the canal U npwards of 
thirty times the length of the body, and it ia of proportionate dimen- 
uons in the Cow, &c. 

787. In stmoture, the inteatinal canal presents a Tillons mem- 
brane of great beftaty, and the glandolar system of the intes- 
tines, so veil displayed in the Carnivora and in man, is no less 
displayed in these animals. 

7S8. In the small intestines, especially in the Ilenm, patches of 
glands more than a finger long present themselves ; these are the 
glandohe aggregatn, or agmenatte (aggregated glands) of Peyer. 
Usually these glands axe non-Taaoolar, but, in the figure of them 
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presented, drawn from a preparation (Fig. 286), it vill be seen that 
the surface of eaeh gland (h, b) is covered with a network of capil- 
laries, having wide meshes ; the villi (a, a), in the midst of which 
the glands are ntnated, are beantifiilly seen. 

789. In all the higher animals it happens that the large intestine 
(Colon) reproduces, as it were, the peculiar cellular structure which 
distrngnishes the stomach, and so very like it, that frequently it be- 
comes very difficult, if not impossible, to discriminate between sto- 
mach and ooloii ; this is the more surprising when we consider how 
many yards of a totally different structure intervene between these 
two organs. A figure of the Colon of a Calf is given (Fig. 287), in 
which the cellular structure is shown. 

790. In the Carnivorous animals the structure of the teeth is ee- 
sentially different from those of the herbivora, and better adapted as 
organs of prehension, mastication, and for tearing and dividing their 
food j bat there is yet another organ singularly modified to suit spe- 
oial wants, and this ia the Tongue. 

791. The tongues of all the higher, and many of the lower verte- 
brata, posaesa (usually) three forms of papill»: Ihejiliform (a thread 
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or ftkmeni), fungiform (urasiirooiii diaped), and tlifi eireummBatm 
(sarrounded by a ditoh). All these foniiB are found withoat any ad- 
dition in the feline animalR, but in them the fHform papittm are 
modified to sabsenre the porpoees of teetiL 

792. In a state of nature, these animals are sabjeet to " a feast 
and a feat," and frequently have to endure long internals of absti- 
nenoe from food ; wheneyer it is present, therefore, they make the 
most of it; feeding to repletion, the first day or two, if the prey be 
large, till at length the oaroass is demolished, and nothing remains 
but the bones. These are not yet redueed to the oonditionof a skel- 
eton ; the attaohments of the sereral musoles, and their tendinous 
terminations, yet remain firmly oonneoted to them. 

798. Still they are mudi too short for the teeth to grasp, 
and the animal must now depend upon the kindly oflioes of the 
tongue, or starve. 

794. It proeeeds, therefore, io Uck As SoiMt, and the flesh peels 
off at every effort; this long, soft, flezuous organ ean, and does, pen- 
etrate all the oavities and anuosities of a bone, especially at the ar- 
ticulating Burfaoes ; nothing oan resist its power ; eren the periosteum 
(the membrane that tightly coTers a bone) is found to submit, and 
all that remains, when the process of licking is oyer, is a white, per- 
fectly dean, well-prepared skeleton. 

795. Those persons who have suffered their hands to be lioksd by 
an affectionate domestic cat, will have an idea of the potency of this 
organ ; nay, they must be conscious that if they oonld endure the af- 
fectionate demonstration for only a very few minutes, the entide 
would be abraded, and blood would freely fiow from the true aUn. 
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LESSON LII. 

■ 

NirrBinoN in thb mamma ma, oohcluded. 

796. In order to make the foregoing statement ftdly oonq[Kre- 
hended, a figure is given of a Oat's tongue (Fig. 288), copied from a 
preparation. The tongue of a Lion is in every respect precisely simi- 
lar, but larger. The filiform papillss (a) are found frma the q^ez, 
where they are interspersed with the ftmgiform (ft), to about one-tlurd 
of the length of the tongue, and at this point they increase in die, and 
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hftve ibm external mrfiuw oorared vith t dense horny k;er. Tiua in- 

CKAte in site oootinnes to, tai beyond 

tlte oentie, at which pomt they hare 

■mimed very fbrnudabla dimeDsioiu 

(a). Near the base of the tongue, the 

circnmTallate papilla (c) are found; 

they are dx in nnmbar. These are 

only greatly enlarged fongifbrm papU- 

be, and the ditch by which they are 

Borroiinded is filled with mueiu- 

eryptf, or the rnnoas-foltiolea of Lei- 

b^kohn, who first deeeribed them. 

They aie the external outiets of inu> 

cue-tubes, mnons being abundantly 

poured out to lubrieate the upper sur- 

£wie of the tongue. 

Beyond the GireumTallatse, are 
other filiform papilUe, but destitute of 
a horny eovering, their ritnation being 
too remote to be efiisotive as teeth; 
they are oovered with muoous crypts, 
M well formed, that they possess a cal- 
lous margin. From the peculiar cov. 
ering of the filiform papilUe in the ^^^ tmgH. 

Feline animals, it is probable that 

they are not endowed with much sennbility as organs of taste, but 
tfaat this function is exercised by the fimgiform piqiilln alone. 

797. The stomach is well formed (as regards its ultimate or 



oucrosoopioal oharaoter), as nught be expected in a true oamiToroos 
ft,-mi.\ uid a figure of the Oat's stomach is ^ran (Fig- 289). 

798. Another remarkable modlfioation of structure is met with 
in the rilli of &e intestines, which in all these animals are ungnlar- 
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Ij loDg ood narrow; nothing can exoeed, howerer, the beantifnl tr- 
rangement of their capillary pleznaes (Fig. 290). The small intes- 
tine of the Cat shows this rerj nicely, bnt in the Lion (Fig. 291) it 
is Btill better shown, as the capillmries in the Gat are of extreme 
tenuity ; but in the latter the ressels and the riUi both attun their 
maximam derelopment, bo far as is consistent with this class. 

799. The intestinal glandoUr syst«in is also well dereloped in 
these animals ; the form of the glands differs pretty mnch from those 
we have already seen : thns, in the a^regated glands of the Lion 
(Fig. 292), each gland stands in a cap, or 8urrotmde4 by a ditch, 
which is filled with mnaus-orypts, the gland iteelf being somewhat 
conical in form, the top constituting the larger portion. 

800. But in addition to the aggregated, animals have, in their 

7ia. «91. Fis. tn. 



small- intestines, glands of the same character and form, dispeiaed 
widely, aud found singly : these are the solilart/ glands. The large 
intestine has its glands also, always howerer of the solitary kind, and 
being in etractnre the exact coaverse of those we have yet examined. 
The glands hitherto seen were evolvad (opened, expanded), those to 
be described are involufo (to envelop, to cover with surroanding 
matter) ; in other words, they are funnel-shaped cavities, excavated 
as it were out of the mucous membrane. In the first, we saw the 
ontside— in the last, the inside ; both these glands are really shaped 
alike, but they are reveraed iu their position. 

801. Again, reference b made to the large intestine of the Lton 
for the demonstratjon (Fig. 293) ; here the capillary structure of the 
mncons membrane is everywhere seen ; it surronnds the cavities ot 
the solitary glands, and enters them to a certain depth. 

To render this more intelligible, a section of the last prepare 
tion is figured (Fig. 294). The capillary plexuses of the mneoos 
membrane are seen upon the nppcr surface, and descending for a 
space into the cavity of the gUaii^ and finally, ita fonnsl-shaped inte- 
rior is well shown. 
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The lai^ intestine (oolon) of the Feline aaimalB agrees in gen- 
eral partioidus with the eh&nuiteristios nsnally exhibited in the ani- 
mal kingdom, with respeot to the great resemblanoe it nnifbnnly 
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bear§ to the stracture of the stomach. A figure (295) of this p&rt 
of the intestine of a Cat is given. 

If the papillary surface be carefully disseoted from a well inject- 
ed intestine, the sub-mucous tissue will be found to present a beauti- 
fdl view of tiie vesseb which supply blood to the villi, and of those 
wiiioh are employed to effect its return — in other irords, arteries and 

As these TBssels end or oommenoe in oapIUariea, they are neces- 

Fn. IMI. Fin. 29& 
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urily minute ; but in the layer immediately beneath, the larger 
Tessels, in connection with this particular plexus, are found. 

A figure of this structure, &om the small intestine of the Lion, 
is giren (Fig. 296), which shows all that has been described. 

802. In the Canine animals (Dogs), many of the tiasnes difier 
greatly from those of the Feline ; the tongue, fbr example, is re- 
markable for itfl extreme softness and ductility. Poaseedng villi of 
the same denomination, in these animals they appear to be endowed 
with ezqnisite senubiUty, at least the distiibntaon of the gnetatory 
nerves (oerres of taste) would lead to sach oonolnsiotL 
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808. A figon of filiform p^iilUe of the Dog, mbntelj injeeted, 
is given in Fig. 297, and kIbo of two cironmTAlUte pkpilUo in Fig. 
2d8 ; in both inBtaaow the terminal nervons loops aooompany the 
oapillaries, and neoeeBariljr impart great aensibilit; to these orgaof. 
The oiicumrBllatn are Tery small in the Dc^. 

J». NT. pm. m. 
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804. The stmotnre of the mnooos memlwane of the stomach of a 
Dog IB highly intereetiiig, as will be seen by referenoe to the aooom- 
panying figure of it (Fig. 299). Here the gastric cavities are beaa- 
tifnlly formed, their oell-walls consisting of a single, tortnons o^til- 
lary blood-vessel, and the deep-seated vessels vhidi sononnd the nut 
ons-tnbes are well shown. 

805. The line of demarcation which separates one tissue from 
another is always remarkably abrupt. Some (theoretical) phymolo- 
gists hold, that the change of one form of tissue into another is so 
very gradual sa to become quite insenuble ; an opinion entirely op- 
posed to fact : for example, the strnotore of the Btomaoh continaes 

half way through the pyloric valve, the 
^^ ""^ other half of it being duodenum, as will 

be seen in Fig. 800, from the Dog. It 
is qnite true that the stomach exhibits 
papiUss, in addition to its gastric cells, 
prior to the commenoement of the pyloric 
valve, and within the stomach— « §on- 
shadowing of the important tissoe here- 
after to become, not the exception, but 
JnwUon^f^j^ig^ttaaao- (Jje rule; they do not extend, however, 
to the pylorus, and are more usual in 
man than in the stomach of domestio ^n'n^l*. So, too, as regards 
the Dio-c»cal valve, which forms the junoticn vt the ileum witb the 
ctecnm and colon ; the struotnre of the small intestine remuns in- 
tact half throu^ the valve, when the ossoum abruptly joins it Aa 



wttery, with its thne dittoiigiiuhiiig eluuMteristio MKti, ends kb- 
rnptlj, Buddenly, in % onpilkr;; the sbnobore ia altered, ud bo ia 
the <^ivKeter of the mreoUtion. In like maimer, & etjollar; end* 
denly terminates, and a Tein, with iti ohaneteriaties of Btraotnre 
and fnnetiott, oonunenoea, and ao with other tissues: eaoh tii»iiit«.iti« 
its own int^rity without oompromise, and ends only at the point of 
jonotion with another tisane. 

806. The doodenom of a dog is a moat sarpriung sight. The 
great length and breadth of the villi, conjoined with the large dis- 
tribution of oapillaries to each villns, renders the prepaiation nnder 
the miorosoope a very goigeons one. 

This ia represented, as &t as art can go, in Fig. 801, but the 
white lines on a blaok gronud fbrm bnt a sorry 
sabstitute for the rich oolor of the Termilion 
whioh has been injeotod into the Teeeels to 
simnlate arterial blood. 

807. In the Jejnnnm (empty, and so call- 
ed because this inteetine is always fimnd 
empty), the form and aie of the villi undergo 
modificaUm in all animals, and this is repeated 
in the Ileum ; examples, however, are not ne- 



808. In the eolon, as shown before, Uie Tiiii or thsdiiadasiia. 
stmotnre of the stomaoh is so nearly repio- 
dnoed tiiat it is extremely difficult to define one tisane from another; 
in fact, the only rule appears to be the following : generally the gas- 
trio oells of the stomach are wider on the sar&oe, and deeper than 
tiie oella of the colon, consequently it is easy to penetrate many of 
the former by the microscope, and see tJie oapillarlee on the floor of 
tiie cell, around the mnous-tnbes. (See 
Tig. 290.) As there is no such atruo- 
tore in the cells of the oolon, the attention 
nf tfie observer is necessarily reBtdot«d to 
the snr&oe, and here the identity with 
the atomach appears to be perfoct. 

The colon of 4he Di^ is ahown in Tig. 
802, and fully justifies all that haa been 

*^^'\ . V , Ooi»orn«D,, 

Bnongfa has now bean written, and 
examples snffieient have been prodneed, to ahow the prinoiplea <£ nu- 
trition, as displayed in the animal kingdom ; those subjects iibit^ 
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luiTfl hitherto been lightly detlt with, notwithstuidiiig their impor' 
taat inflneDee on the great qaestion under disoiuBion, hare been r» 
serred dengnedl; nntil the wUent points in regard to the ultimate 
Btmetnre of the (i4ipkrentl;).moBt importut organi had been dis- 
posed of; and beoaow it wsa deemed more adriaable to take each 
subjects specially, in connection with the nutrition of man. These 
are, the struoture of the teeth, the stmoture, but more espeoially the 
function of the salivary glands, and Ike prt^tertiaa of the gastric jnice 



LESSON LIII. 

THE STBUCnjBB OF THE TEETH. 

809. The teeth claim priority, and, reversing the order of arrange- 
ment hitherto pursued, in which the lower wiimals have served aa 
the basis for the consideration of more complicated structures, de- 
voted to the performance of a kindred fiinction in the higher forms 
of animal life, it is intended to begin these inquiries with man, and 
y^ jjj^ gradually descend in the scale of 

being. 

810. The mncons membrane 
of the gams, which lies at the bases 
of the teeth, is peculiar, and re- 
quires desorlption. 

If a well injected preparation 
be made, the mnooui membrane 
of the gum will be found covered 
HD<»n> m.aibr«. of th. pim. hnmu. *'*'' papUta. Tbcsc {in the adult) 
are somewhat long, and eonsiBt of 
a single looped capillary, which, through the tendon of the injection, 
becomes more or less twisted (Fig. 803). Their number isvciy con- 
siderable, presenting, literally, a forest of them. The papilla of the 
lips present a gorgeous sight, when well injected ; the loops, as in 
the fbrmer case, twisting with &6 pressure of the injectjon. 

TRM THTH. 

811. These organs, together with the bones, to which they are 
closely allied, form the Hclerogenona (hard) tissues of animals. 

812. Human teeth, and the teeth of the higher mammalia, oon- 



IJEBSON 53.] THE ti f SHVOiVHR OF THB TmBTH. 189 

sist of three distmct tissaeB; the dentine, or ivory, wUeh forms the 
greater part of the tooth, and oontribntes to ita form; the enamel, 
which eoyers and defends the oater, exposed snrfitoe of the tooth; 
and lastly the erosta petrosa, or eementnm, whioh forms the external 
covering of the fang. The interior of a tooth contains a cavity of 
variable sise, called the pidp cavity, in which, in a healthy tooth, the 
vascnlar pnlp, with its plexus of nerves, lies. 

818. As the enamel first meets onr gaie, it shall have priority of 
description. This tissue, in the grinding teeth, is thickest on the 
masticating surfiice. A delicate membrane, discovered by Nasmyth, 
and known as " Nasmyth's membrane," covers the enamel, and is so 
closely united with it, that they can only be separated by the em- 
ployment of hydrochloric (formerly muriatic) acid. 

814. The enamel is so much more brittle, and harder than the 
other tissues of the teeth, that a knife scarcely marks it, and it 
readily yields sparks when struck against steeL 

815. This tissue presents a fibrous structure, due to its compo- 
sition, whioh consists entirely of the prisms or fibres of the enamel. 
These are long, solid prisms, irregular in shape, but usually hexa- 
gonal, or pentagonal, generally occupying the whole substance of the 
enamel, resting by one extremity on the dentine (ivory), and by the 
other on Nasmyth's membrane. 

816. In adult teeth it is easy to detect these elements in longi- 
tudinal or transverse sections, but it is difficult to separate them for 
any great length ; it is easier of accomplishment in young and devel- 
oping teeth, where the enamel is so much softer thitt it may be 
cut with a knife. The action of diluted hydrochloric acid is 
necessary to efifeot the separation of the prisms, and, if not too 
long continued, delicate transverse stri» may be detected on their 
surface. 

817. The prisms of the enamel are very firmly united, but what 
constitutes the bond of union, has not yet been satisfactorily demon- 
strated; delicate tubes have been clearly established in connection 
with this tissue in young animals, and although difficult of detection 
in adults, the probability is that they are present, although it may 
be in a calcified condition. 

818. In making a section of a tooth, to show the facets of the 
prisms of enamel, great care should be taken not to injure the ex* 
temal surface, but grind from behind until sufficiently thin. 

819. A figure of such a section, from a human tooth so prepared, 
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is giroi (Fig' 804) ; hen tbe &eets an fimr, fire, or nx-ndvd, «idi 
a moluted spot i^ptrent in euh of them. 

820. The isoUted primu ue mloo given in Fig. 806 ; the traiM- 
verse lines serre to give than & jointed appedrenoe ; the aides, too, 
are remarkable for their irregularitj. 

821. If tbe node b; which the semal prions are oraneoted to 
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each other, and enabled to form a solid tieaue, be obsenre, there can 
hs no donbt of Uie manner in whi^ the dentine becomee firmly con- 
nected to the enamel Tbe dfentinal tnbnli, as they approach the 
enamel, ^ride and form T-like terminations, which (in the molar 
y^ ig^ teeth) penetrate the enamel, 

and tlias (brm a bond of ns- 
ionj but in homan «»iiit>if 
teeth, a mnch more dfident 
plan is in operation, as shows 
in Fig. 806, idiioh repre- 
aenls the jonctiou of the des- 
tine and raamel in a human 
canine tooth. Tubes of the 
dentine (a, a) haTing entered 
the enamel, become tortu- 
ona, and greatij inersase in 

, . sise, espemally as they ap- 

*''"'°* *'**''■ proaoh tleir terminations; 

they fbrm a series of wedges, or dowells, which renders the oontact 
■0 f rm that no earthly power eao separate tisaaes so joined. Sbrike 
a tooth on an anril with a hammer, the blow will bnak the tooth in 
all manner of directions, bat no mechanical skill can separate the 
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enamel of an«h » tooth &om th« dantme at iti point of jonotion. 
This plan of attaehnwnt appears only to be tued for teeth like the 
eaniaes, that are bron^t violentlj into contact with Tesisting nib- 
etanoes; other teeth, the molars for example, hartng a steady, nni- 
fiirm action to perAwn, do not reijoire mioh extraprdinary care, nei- 
ther ia it bestowed opon them. To ahow the mode of oonuection 
with the enamel of a molar tootJi, see Fig. 807. 

The dentinal tnbali are seen at a, their tenninationa diriding into 
two branches {b) prior to reaching the enamel (o), which forms the 
mode of connection of the two tiesues. 
, 822. The junction of dentine with the cniata petrosa, or oemen- 
torn, is also b; the iasertioii, or interlacement, of the terminal bifid 
dentinal tnbnli with the cemeutnra ; and as dtere is no strain or vio- 
knoe to any part of the fang, this mode of connection appears to be 
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Tooth. P*troM. 

all that is necessary. It is interesting to obserre that whetber the 
dentine has to be connected to tlie enamel or to the oruslA petrosa, 
that ite own tnbnli are employed as the bond of noion. 

Tbe fang of a tooth, from its position in the bony socket of the 
jaw (alveolus), is greatly protected from acts of vblf nee ; whilst the 
same appliances are in nse to join the cmsta petrosa to the draitine, 
the branches of the tubes of ivory are so minnt« as to be scarcely 
difltingoishable. For the moat part, the junction of these tissaes 
rather indicates a dark line, of no great depth, in which the divided 
tnbea are scarcely apparent This will be understood by consulting 
Fig. 808, which shows the cmsta petrosa (a), dentinal tnbnli {b), and 
the junction of the two (c) ; hut such is the extreme minuteness and 
shortneaa of the divided dentinal tubes in connection with this tissue, 
that they are scarcely discernible. 
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LESSON LIV. 

THS ffTBUCTURB Of THE TEETH, CONTINUED^ 

823. Examined in tran«vene Beotion, the irisms of enamel «n 
well Been tbrooghont tbeir ooane ; they are diBtinguished bj a series 

Fib 8w "^ transverse lines at t^okt internls (Pig. 

809), which appear to divide the tisene into 
small squares, or dice. When the ^isms are 
isolated (as we have seen), tiie same appearance 
appears to be oansed h; the transrerse lines on • 
their surface. On tbe other hand, it has been 
sapposed, snd with profaabtlitr, that these 
'tniurene socUoQ of traDsrerse lines indicate the sereral stages of 
goBnei. huniM. ^y^ of the tinne, and that, althoogh division 

of it in the direction indicated by the lines is impoanble, tJie evi- 
dence of demarcation defining its orijpnal stages of growth, is ren- 
dered permanent If tiiesar&ce of enamel be destroyed, the facets 
of the prisms are lost, as already indicated. 

824. The dentine or ivory of a recent tootb is of a yellowish- 
white color, and transparent; in a dried tooth, ur enten the tnbnli, 
and imparts to it a silky or satiny i4>pearanee. The dentine forms 
the walla of a case, in which the pnlp is received, so that the tnbes of 
this tiasae have uniform contact with the vessels of the pu^. At the 
lower part of the &ng of a tooth there is a small aperture, through 
which the vessels pass to sapply the pulp, and through which also the 
nerve, to be divided into a delicate looped plexus, is transmitted. 

825. The dentine consists of minute oanals, or tubull, which 
commence by open mouths on &e inner wall of tbe pulp cavity, and 
extend through the whole substance of the dentine to the eement and 
enamel Each tube has a wall, Iws than its own diameter in sub- 
stance, whioh can easily be seen in transverse sections ; in longitudi- 
nal sections it is almost invidble. In life these canab contain a 
dear flnid, bat in a dead tooth tbe tnbult become filled with air ; and 
as air in small cavities always appean black under the microscope, 
these tabnli appear as so many small, deUoate black lines ; but if the 
tooth be prepared in Canada balsam, the air is driven out of the tu- 
buli by the heat employed in making the preparation, and the tu^ 
pentine of the balsam enters them; in this case they appear as deli- 
oate tubes. 

ftQR. The direction of the tnball in tiie dentine is rarely stnu^t. 
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but wkt; ; they tiao present numerouB nmifioatiMis and uuwtomo- 
ses; towards the crown of a tooth they usually form ao 0l^;ant 
plume, whiah presents a fine object nnder the mi- ^^ ^^i^ 

orosoope. Each tube generally deacribea two or 
three lai^ beddea & great camber of small onr- 
Tatores, which oooanonally have the appearance 
of sigsags, or spiral windings. 

827. To show the oonneotion of the three 
tissnea of the teeth, and their relation to each 
other, a figure ia given of a lon^tadiual section 
of a hnman eanine tooth (Fig. SIO). The enamel 
is marked a, the dentinal tabnli, h, h, the pnlp 
oarity, c, the omsta petrosa, or oementnm, d, and 
thin plates of dentine, a. 

828. The cementmn ia a layer of tme bone, 
which coTers the lower part of the teeth, and in the 
many fanged teeth, not nnfreq^nently cements them 
all together. The cementmn eommenoes aboTO, 
at the point where the enamel ceases, so tiiat the 
dentine in a healthy tooth is nerer left ex- 
posed to the atmosphere. It begins as a very thin 
layer, gradually isoreasing in sabatanoe as it de- 
■oends, and attains its greatest dimenuons at the 
lower part of the ftng. 

8^. As bone, it may readily be imagined that '""'^ 

it is the least hard of the dental tissaes. Like bone, the cemcntum 
contains bone oells, with their oanallculi, together with Haversian 
canaU and veflsels. The bone oells are conspionous for the great va- 
riety which they present in nnmber, form, and siie, and for the nnu- 
snal number and length of their canalioali (little tubes). 

880. The oanaliculi often reeemble feathers and brushes, and un- 
less the UcuDB (bone cells) are isolated, connect them with each 
other, and anastomoee with the ends of the dentinal canals or tnbee. 
At the point of junction irith the enamel, bone cells are invariably 
absent; tli^ first make thrir a|q>earanee about the middle of the 
fkng, but scattered and wlltaiy. Towards the extremity of the 
fiuig their number inoreases, and tbcy frequently take on a very reg- 
ular arrangemenL 

831. In old teeth it very oommonly happens that the pulp 
beoomes obliterated, and the pnlp cavity filled with oementnm; 
and in these oases the Haversian canals, lacnnw, and their oanali- 
13 
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FM.S11. call, are more tiiui astially 

distinct 
Fia 318. ^^ ^^ ^^^ figure sereral 

verj* thin traDSTeree eeotions 
of the dentine appear, attached 
to the sides of the palp cavitj 
(e) ; these exhibit the tubolar 
^ , character of the canals Terr 

TniiurprWMcdnnof A mom cmwdsd ' 

DfnMnal tabei. view. BatiafeetOrily. 

833. Special reference is made to theee this sectioofl of the tnbes 
as they arc ordinM-ily seen, in another figure (Fig. 811) much more 
highly magnified, indicating the tubes, and a more orowded oon- 
' dition of them in Fig. 312. 



LESSON LV. 

THB BTEUCTUEE OF THE TEETH, OOSTISUBD. 

834. In the teeth of the Dog the same tissues, an&nged on the 
same pl&n, are fonnd, and present in the molar teeth a very inter- 
esting appearance (Fig. 313). The enamel (a) is always distin- 
guished by its apparent density, as oompared with the other tissues ; 
towards the edges of the upper portion of the figure (b), the ter- 
minal line of the enamel, and the commencement of the crusta pe- 
trosa, is shown. From this point it (cmata petrosa) can be traced 
descending the fangs, right and left, to theii 
termination, then ascending, and finally form- 
ing a jonction at the centre. On the inner 
surface of the enamel, and crusta petrosa, 
the dentine is seen (c), and within this tis- 
sue the large, well-formed pulp ^cavity (d). 
At the bend, which connects the two &ng8, 
the dentinal tubnli assume a cnrioos and 
very beautiful arranjrement. 

835. The molar tooth (^ a Gat displays 
the same arrangement of tiie like tissnes, 
and the external form of the tooth bears 
great resemblance to tlie molar of tlie Dog 
(Fie. 314): a, the enamel: ft, orusta petrosa: 

MolMT™ih,I>og. . .■ J J 1 -L 

c, dentine ; and a, pulp oavity. 
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836. A transversa section of the canine tooth of a Horse pre- 
senta the ume tiaauee under a different aapeot The section has 
been made so near to the crovn of the tooth, that the CDamel forme 
a ring nearly Bnrrounding the dentine (Ftg. 815), with the apex of 
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the pnip caritj in the centre. Another section of the same tooth 
(Fig. 316), made belov die former, shows the enamel (a) round only 
one half of the eeotion, the other half being the omata petrosa (b). 
Between these tianies is the dentine (c), and in the centre the pulp 
cavity (d). A third section (Fig. 817), made still lower than the 
second section, &om the same tooth, ahowa an entire absence of 

Fis. 811. 



enamel, and the crnsta petrosa (a) snrrounds the section. The den- 
tine, in all these seetiooB, is very nearly the same; the pulp cavity 
grows gradually larger from its apex to the base, but the most satis- 
factory part of the demonstration is the number and density of the 
bone cells, as seen in the last figure, but which is not sufEciently 
magnified to be apparent in the representation of it 
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887. In a tnsk of the Hog, u seen in longitudinal seotlon (Fig, 
816), the enamel corers the outer snrfiioe — that portion whioh comes 
in contact witb reaisting sabstanoes, and within it the iroiy ; the 
palp cavity is seen at the lower part 

888. This is probably still better seen in a transyerse seotion of 
the game tooUi (Fig. 819) ; in this view, tlie tooth appears to be tri- 
angulai in form. The large pnlp oavi^ ooonpies the oentre, whioh 




tiukafHoc. TniUTtiM Motion, Bog'i t 



is snooeeded by the tubes of the ivory ; the enamel entirely sorrounds 
the section. 

889. It is reserved fbr the Herbivorous qnadmped to show the 
most interesting and beantifiil torau of teeth known to us among the 
higher animals. The same three tissoes are present here, bat ai^ 
ranged in a different manner to meet a qtecial want 

840. These animals having nniformly to uastioate grass, either 
in a dried or green state, have their teeth oonstantly brought in 
oontaot with large quantities of pure silioa, inoorporated in the 
«ntiole of the grass. If the sur&oe of the teeth were smooth, 
they would be inadequate to perform the grinding motion assigned 
to them. We know that the miller reqnires to have the sur&ee of 
his mill-stones hacked into eantiee to form a grinding suT&oe, and 
this is precisely tbe want of the herbivtmms quadruped in relation to 
the auitkce of its teeth — they most not be flat, but hollowed out into 

, unequal cavities. To meet this imperative want, the tissoes — enamel, 
ivory, and bone — are all amnged on the same plan& 

841. Examine the erown of the molar ^^inding) tooth of a Cow 
or a Sheep ; its rar&oe will present a series of ridges standing up 
above the other timtea ; next to these are inclined planes of a differ- 
ent tisane, descending from the ridges to large, hollow, nnu^tlj 
cavities lying at their base— evidently another tissue. 

842. Now it must happen that if flint be brought constantly ia 
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oonUot wiUi 6samel, ivory, and bone, lying beside each otiter, they 
will wear nneqnally ; the softest (tibe bone) will out the &§(e8t, and 
form the deep hollows deaoribed ; the next in hardnaas, the iTory, 
will wear less thui the bone, but more than the enamel ; and lastly, 
the enamel, wearing but little, will form the high ridges deeoribed. 

843. But this is not all : to render the inequalities certain and 
constant, there are three systems of enamel in the grinding teeth of 
the npper jaw of the Cow (a, a, a. Fig. 820), and only two in those 
of the lower jaw, so that enamel p^ ^^ 

nevOT opposes enamel; by all i 

these oontrivanoes the teeth must i 

neoessarily wear imeqoally, and | 

always present a rough, nneven, 
grinding surface to the food. 

844. To show the arrange- 
ment of the enamel of a molar of 
the npper jaw, a figure (820) is 
given, bnt slightly magnified. 
Crosta petrosa (&) ia found aur- 
ronnding the tooth ; within this 
a layer of enamel (a), whleh 
passes irregularly round the outer 
snr&oe ; next to this is ivory, to 

which snooeeds cmsta petrosa, on " 

the other nde of which ivory again appears, to be bounded by tho 

mamel. Take a g^ven portion of a tooth, and the arrangement of 



FortloD of HnlH' (oolh, aiitt] 
a, a, Eouul ; h, b, Dsnljna ; e, Cu 



198 ANnCAL PHTBIOLOGT. [LBSSON 66. 

the tissues will be inyariably as follows : orusta petrosa in the centre, 
bounded on each side by iyorj^ which always adjoins enamel ; crusta 
petrosa and enamel never come together (except on the outer sur- 
^e) ; they are always separated by the ivory. 

845. These facts are well illustrated by a figure of the grinder 
of a Sheep (Fig. 821) ; here the enamel (a, a) is constantly seen in 
connection with the ivory {b, &), and inside of this the orusta petrosa 
{c). The elegant wavy form of the dentinal tubuli renders this a 
very charming object for the microscope. The crusta petrosa (more 
properly called cementum in these teeth, as it performs the office of 
a cement to the other tissues) forms, in many instances, little more 
than a line in the centre of the ivory, yet quite sufficient for its soil- 
ness to be felt, and the required hollow to be formed. 



■•♦• 



LESSON LVI. 

THE 8TEU0TUBE OF THE TEETH, GONTINnSD. 

846. In the Rodentia, the form of the teeth is very interesting : 
the enamel in the large, curved incisors, is always found upon the 
opposing surface (front) alone. These teeth, in every member of the 
class, are constantly being pushed, as it were, from behind, forwards ; 
in other words, continually growing; and to gnaw, from which they 
acquire their name, is in them an imperative necessity, to keep these 
teeth in check, and reduce them within usable limits. Were Rats, 
Mice, Rabbits, and their kindred, not to ^ keep their ever-growing 
teeth well cut down, by gnawing hard substances, by which the teeth 
wear considerably, they would soon be unable to use them on legiti- 
mate food, and die of starvation. 

847. If a Rat, or Rabbit, chance to- break one incisor tooth, the 
opposite tooth fails to oppose it ; the consequence is, it continues to 
grow, and forms a perfect ring. The broken tooth also grows, and 
having attained its original length, and finding no opposition, also 
forms a ring. 

848. To obtain such illustrations for Museum purposes, to show 
the ever-growing nature of such teeth, one of them has frequently 
been designedly cut with a fine saw, or wire-nippers, to procure 
specimens of the curled, or even double^surled teeth ; such examples 
are common in European Museums. 
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S49. A figure (322) of a longitadiual Motion of the ini»aor of a 
Babbit is given. Tlie enamel (a) forms a oliisel-shaped cn^ting 
iiutrumeiit at the apex of the tooth ; within tho point, the crueta 
petroBa (b) forma a very delicate line, which is oontinaed along the 
inner surface of the tooth ; within this tiesae, and the enamel, is the 
dentine (c), and in the centre of it, the pulp oavitj (d). 

850. A trauBTerse section of such a tooth (Fig. 32S) is rwj ia- 
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stmctire ; it is somewhat triangnlar in shape, the front being par- 
ticnlarlj flat, while the sides recede, and are ronnded at the back. 
The enamel (a) ooonpies the entire ^nt, and for its secnrttj em- 
braces the comers, and is gradually lost at the sides ; here the omsta 
petrosa {b) begins, and completes the outer wall of the tooth. As in 
the former illustrations, within these tissues is the dentine (e), and 
in the centre the pulp caritj (i). 

851. Aa &r as the alternation of tissues is concerned, tiie molar 
teeth of the Rodents are formed on the same plan as thoee of the 
herbivorous qoadru- P,q gj^ 

ped, the arrangement 
being, however, some- 
what different. 

852. A figure of a 
Rabbit's molar tooth 
is given in Fig. 824. 
In preparing these 
teeth, they almost in- 
Tariably break into Tmuiv.rM Moiion rf Moi« l«>u^ lUbbit 

four pieces, in conseqaenoe of the brittleness of the crosta petraea, 
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and snob an ucident befell thU illnatntion, bat which was inbM- 
quentlj repaired. Here the enamel fomu partly the ontaide of the 
tooth, bat a long, tortaoas, sigtag portion also runs throogh the oentra 
(a, a). The arrangement of the enamel natnrally diridee the tooth 
into four portions ; within eaoh system of enamel is the denliBa 
(b, b), with palp cavities (c, e) in the centre. In addition, how* 
ever, is a layer of cnuta petroaa {d, d), whiob forma the bond of 
union, or cement, by which the fonr distinot portions of the tooth are 
anit«d into one. 

'"»■ ***■ 853. By fer the most ourions arrangement 

is the molar tooth of the Musk-rat ; the tooth 
is long, and formed of a reduplioation of 
parts, with the exception that the enamel is eon- 
tinaous from one end of the tooth to the otber, 
boanding the outer surface, and penetrating the 
varions ainnosities. Everywhere within the 
enamel is the dentine, and, as in other Bodents, 
the cmsta petrosa lies in the centre of the ivory. 
CariticB formed by the cartons direction taken by 
the enamel, are filled up with orusta petrosa, for 
the double purpose of cementing this compound 
tooth firmly together, and for preserving and 
forming the outlines. A figore of this tooth is 
given (Pig. 325) ; the enamel (a, a) is aeea 

everywhere surronuding the dentine (6), in the 

'"""iKS^"""'"' <'«°*" "f ^^'^^ ^ ^^ orusta petroea (c, e), 
which, filling up the .external cavities, is seen 
at d, d. If the section be made low enough &om the eorfiwe, tfae 
pulp cavities appear. 



LESSON LVII. 

THE BTBDCTUBE OF THE TEfiVH, OOKGLDDED. 

854. The teeUi, hitherto examined, have presented all tfae tiBsuei 
characteristic of these organs in the higher animals, snl^eot to a varied 
disposition of the order of arrangement. Teeth are liable to de- 
generation ; to a loss of tissue, and to a innch altered form of the 
tissue that remains. Of all tfaese struoturea enamel is fbnnd to be the 
least consttmt, and, when absent, its place ia mipplied by a deatiae 
(ivory) of superior hardness. 
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866. In the olaos of Beptilee, the Ophidiuis (Serpents) are en- 
tirely destitnte of enkmel, and the same remark applies to nearly 
the entire class of Fishes. In the latter, the dentine anumes new 
(iutracters ; in some Fiahes the dentinal tnbnli have their origin from 
vatcular eanaU, hence such a tissue is called vaao-deniine ; and in 
other fishes the mednllary canals are vavy, irregular, and prone to 
anastomose (join), and is osoally covered by a hard dentine ; tliis is 
called OBtmhdentine. 

856. The teeth of the Pristit (Saw-fish), and the Msliobatit (a 
Bay), well display tbe raso-dentinal etructure, and as such have 
been selected for illustration. 

857. In the Pristia the vascnlar canals are large, and remarkable 
for their parallelism ; the tubes that are given off from the centre of 
the tooth, are large in nie, and few in number, Imt those canals 
which approximate to the sides, give off a dense plexns of fine taboli, 




longJtiulluleHtLoDofbMJlli, 
PriBtb. 

distributed to the sides and orown of the tooth, and forming tha 
vaso-dentine. This is shown in Fig. 826 ; the vascolar canals (a) 
are seen in the centre, jiving off (comparatively) but few tubes. 
The lateral tubes (&) distribute the great plexuses of fine dentinal 
tubes to the crown and sides ; there is do pulp cavity in this tooth. 

868. The vascular canals of vaso-dentine can only be well seen 
in longitudinal sections ; for this purpose such a section is given 
of the tooth of Myliobatis (Fig. 327). Here the vascular canals 
(a, a) are of great size, and, as is usual in this form of tissue, 
parallel to each other ; the dentinal tnbnli {b, b) are given off in 
remarkably rich clusters of beautiful ramow tnbnli, presenting, under 
the microscope, a very fine appearance. 
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859. Bat the extent of the ramified taboli mnet be sooglit for in 
& transverae section, & figure of which is given (Fig. 328) ; in the 
centre ia Been the section of the Taacnlar canals, and the tubuli coming 
off in profaee plexuses ; the tissue which separates the Tascnlar 
canals and dentinal tubnli, is a thin layer of cementum. 

860. A fossQ Shark's tooth (Fig. 329) shows the stractore of 
osteo-dentinc very satisfactorily, and, to add to the beant; of He 

Fio. S2S. Fu. ■». 
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preparation, as seen by the microscope, the blood contained in the 
canals retaining its original color, is also fossilized ! 

861. Here the canals {a) arc seen to be wavy, and anastomosing 
very freely ; the chief distribution of the dentinal tubuli is to He 
sides and crown {b], as in the Pristis and Myliobatis. 

Another fine example of osteo-dentine is met with in the teeth of 
p,o s^ the Maakanongi, call- 

ed generally Musca- 
longa. It is a trans- 
Terse section (Fig. 
330), and shows the 
amastomosing charac- 
ter of the Tascular ca- 
nals very satisfactorily. 
Near the outer margin 
of the tooth a canal 
TnnireiH MctioD ot tooth, UuaioD^ appears to roD rouod 

it, from whence the great distribution of osteo-dentine comes off 
In the central portion of the section these tnbuli are seen aoasto- 
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moBiDg veiy freely, and oontribnte to give a fine appearance to the 
flection. The distinction, then, in the tissues of the teeth of fishes 
is, that in yaao-dentine the vascalar tubes are parallel, whereas, in 
OBteo-dentine, they anastomose. 
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LESSON LVIII. 

THE 8ALIYASY GLANDS. 

862. In the human subject, as in all the higher mammalia, there 
are three pairs of saliyarj glands ; these are the parotid^ BubmazH- 
laryj and avhlingtbdl glands. 

863. The parotid gland (in man) is the largest of the three pairs, 
and, situate immediately in front of the external ear, extends super- 
ficially for a short distance over the masseter muscle, and behind the 
ramus of the lower jaw. 

864 The submaxillary gland is situated in the posterior angle 
of the submaxillary triangle of the neck. 

865. The sublingual is an elongated and flattened gland, situated 
beneath the mucous membrane of the floor of the mouth, on each 
aide of the frenum (bridle) of the tongue. 

866. In structure they are conglomerate glands, consisting of lobes 
which are made up of angular lobules, and these of smaller lobules. 

867. The smallest lobule is appai'ently made up of granules, 
which are minute ccecal pouches, formed by the dilatation of the 
extreme ramifications of the ducts. 

868. These minute ducts unite to form lobular ducts, and the 
lobular ducts constitute, by their union, a single excretory duct. 

869. The above description of these glands applies very generally 
to the animab in which they are found. 

870. It is not a little remarkable that these three pairs of salivary 
glands are all found in the class of Beptiles, but never in the same 
individual; one animal possesses the parotid; another, the sub- 
maxillary ; while a third has only the sublingijal. 

87 L Food received into the mouth is given at once to the grind- 
ing teeth, for the double purpose of being thoroughly comminuted 
aud insalivated. One pair of the salivary glands (parotid) has its 
evacuating duct on the inside of the cheek, opposite to the second 
molar tooth of the upper jaw, and the action of the jaws, in the act 
of mastication, not 9nly compels the descent of the saliva in copious 
streams frt)m these, but simultaneously from the other glands. 
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872. The salivaiy glands, and their secretion, appear to be so 
much alike, that it has been difficult to say whether they all se- 
crete a fluid possessing the same chemical properties or not 

878. But reasoning from analogy of the effects produced by ani* 
mals possessing some of these glands, to the exclusion of the rest, 
one would incline to the belief that each pair of glands possesses 
different chemical properties, or, perhaps, that two pairs of Ihem pos- 
sess properties distinct from the third, and that the combination of 
the whole is necessary to the production of the required effect. 

874. Mastication of the food, the first act in the process of di- 
gestion, is, at the same time, the most important one. If it be per* 
formed in a hasty, slOTcnly manner, dyspepsia is the unfailing result j 
those persons who have once accustomed themselves to consume their 
food, dispensing with this preliminary process, never can recover the 
lost art^ and sink into an early grave, the victims of suicide. 

875. The saliva appears to possess three most important proper- 
ties : firstly, it destroys vitality in all animal and vegetable matter ; 
secondly, it loosens the tissues, thereby preparipg them to receive 
the saliva itself, and ultimately to admit the gastric juice; and 
thirdly, it mechanically softens and dilutes hard or dry food. 

876. When a Cow fills her paunch with grass, she places there a 
large amount of living vegetable material ; lying in that organ, or 
transferring it to the second stomach, no way affects its vitality, but 
when thrown back into the mouth, and it comes in contact with the 
saliva, then it instantly dies, and becomes materially altered in ap- 
pearance. 

877. Examine the contents of the first three stomachs of a Cow, 
or a Sheep; in the two first the food is evidently living grass, but 
in the third it has the appearance of a thoroughly well-boiled vege- 
table—more nearly allied in color and iq)pearance to spinach, and, 
as yet, it has only come in contact with the saliva, which must be 
held responsible for its changed condition. 

878. Arrest a caterpiUar in the act of eating the leaf of a cab- 
bage ; kill it instantly, open its crop, and examme the leaf you saw 
it consume but a minute before : it will have lost its bright green 
color, and be reduced, in every respect, to the appearance of the 
grass in the third stomach of the Cow. As it cannot have come in 
contact with any other material than the salivary secretion, it is 
surely justifiable to attribute its altered appearance to the action of 
that fiuid. 

879. When man eats raw, ripe firuits, he eats living vegetables, 
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tnd if he put them into his stomaoh in that state, there they wiU 
remain, for no stomach has the power to destroy the vitality of any 
thing, as, if it had, assuredly it would destroy and digest itself, a 
oontingenoy that always happens in death. Nothing is more com- 
mon, at post-mortem examinations, than to find that a portion of the 
stomach has actually thus acted upon itself I 
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LESSON LIX. 

THE SALIYABY GLANDS, CONCLUDED. 

880. To show the nniyersality of this particular chemical prop- 
erty of destroying life, let us see what takes place amongst the lower 
animals. Bulk for bulk, weight for weight, can any thing exceed the 
pain of a Mosquito bite, to say nothing of the long-continued after 
consequences ? 

881. What gives rise to this extreme suffering ? Surely it can- 
not be the insertion of its tubular sheath and tiny jaws, because if 
the flesh were stabbed at the same time with a dozen large stocking 
needles, the pain would not be nearly so great, and the wound would 
sooner heal. When a spider bites a fly, why does the insect die 
instantly, and its body swell up prodigiously ? 

882. If a rattlesnake, or other, so called, poisonous serpenij bite 
a man, why is the wound almost universally fatal ? 

883. If a Dog, not rabid, bite a man, or if a Cow, Horse, Hog, 
Raccoon, Fox (and many other animals), do the same thing, or if otM 
man bite another, why, in any, or all these circumstances, should 
the bitten person be liable to Hydrophobia ? 

884. To these questions, which might be greatly extended, there 
is but one answer, namely, that the person bitten has been in every 
instance inoculated with the saliva of the other animal, and that one 
of its chief properties is to destroy Ufe. 

885. To them, and to us, it is a natural secretion, and so harm- 
less is it, under some circumstances, that a man may drink any 
quantity of the poison (saliva) of a BattUsnake, and it will have 
none other effect than to help him to digest his food I But if in* 
ooulated into the circulation of the blood, it becomes a virulent, a 
iktal poison. 

886. Who can doubt that, if a Mosquito were as large as a good 
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Bized dog, its uliva would be as uomedutely and certainly btal as 
the bite of a rattlesnake ? 

887. The pain tiiat we share with domeetio and other animals, 
ftvm the bite of parasitic insects, ia solely due to this cause — inocn- 
lation by their sslira, 

888. The division of the salirary glands amongst the reptiles 
would appear to throw some light on the fauotion of each, or certainly 
some of them ; thus : the poitonous reptiles possess only parotid 
glands, the secretion of which descends by the channels of the &ngB 

of the npper jaw (Fig. 331, a) ; the nse they make of 
them would seem to establish the fonction and proper- 
ties of these particular glands. 

889. The Boa Constrictor {Python iigrU) has no 
parotid glands, neither can he destroy his prey by a 
bite, but he entwines his body around lue victim, and 
FiD^nr o^r- kills him, as a bear would, by an embrace. Bat what 
is now to be done ? he has no grinding teeth to enable 
him to insalivate the food and loosen the tissnea, by partially decom- 
posing the body of the goat he has killed, and so prepare it for the 
action of his stomach ; in other words, how can. he perfbrm the im- 
portant fancdon of insalivating it f 

890. He does it in this way : 1u llcki it aU otter, and wherever 
the tongue, covered with saliva, touches it, the flesh becomes almost 
rotten under its influence. 

891. Now, as it is well known that persons have been bitten by 
a rabid dog and escaped hydrophobia, whilst other persons have been 
bitten by sound and healthy dogs and yet this fearful disease has 
supervened, how is this to be explained, unless we admit the differing 
chemical property of the salivary glands reapeotively? 

892. If the teachiogs of the rattlesnake and the boa constrictor 
have any praotioal value, it would appear that the parotid glands 
alone potstM ike poto&r of destroying life, and that the secretion of 
the other glands can only be employed upon already dead matter, to 
effect its speedy decomposition, 

893. If this theory be true, it ia veiy easy to explain the bites 
and their oonsequenoes of the two dogs : in the case of the rabid dog 
whose bite proved innocent, the saliva of inoculation may have 
come only from the lubmaxiUary and sublingual glands, and con- 
sequently it was harmless; whereas, in the ease of the sound dog, 
the saliva came ^m the parotid glands, and was therefore fatal 

894. Thb view is sostuned by ^ following oonuderations : the 
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ducts of the parotid glands are situated, as we have seen, in immedi* 
ate proximity to the molar teeth, and the secretion is only eyolved 
by their action; the probability is that the incisor teeth, used in bit- 
ing, and the interior of the mouth, are usually lubricated by the se- 
cretion of one or both of the other pairs of glands, whilst the parotid 
glands are reserved for mastication alone. 

895. Whatever light chemistry may throw upon this really im- 
portant question, remains to be seen, but Comparative Anatomy, the 
only sure guide in the settlement of abstruse and difficult subjects 
of this kind, would appear to settle it conclusively, that the secre- 
tion of {he parotid glands affects solely the vitality of all tissues 
presented to their action ; and the secretion of the other glands has 
the power of rapidly decomposing or disintegrating tissues already 
dead. 

896. The third function of the saliva is no less important, name- 
ly, to dilute or moisten dry food, and is common to all these glands. 

The blood of man and animals is too rich and thick to be con- 
sumed in its natural state by parasitic insects ; and the motive they 
have for pouring their secretion liberally into the wound they have 
made, is twofold,— one to destroy the vitality of the blood, a func- 
tion their stomach cannot perform, and the other to dilute it, to 
make it thin enough to be pumped up with ease. 

897. In insects, the anatomical position of their salivary glands 
does not appear to warrant the opinion that they, at least, possess 
parotid glands ; but the life-destroying character of the salivary se* 
cretion in all the predaceous, carnivorous, and parasitic tribes, in ad- 
dition to the same exhibition in all those insects feeding upon living 
vegetable matter, too clearly points to the function and character of 
the parotid secretion, notwithstanding the situation of their glands. 

898. And why should it be necessary for such insects to have 
two, and frequently three pairs of such glands, if they all possessed 
the same capabilities ? From this circumstance alone, it would ap- 
pear that the function is divided ; that one pair of these glands has 
the power of destroying life, and the other pair (or pairs) of decom- 
posing organic matter already dead — both these processes being essen- 
tial to the ultimate digestion of the food. 

899. In the Nepa (water Scorpion), there are three pairs of sali- 
vary glands — ^three of them lying on the right and three on the left 
side of the body. One pair of these glands possesses a distinct outlet, 
and from the effects it produces by inoculation, entomologists have 
long ago concluded that these especial glands secrete a poisonous 
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fluid. Is it not muoh more probable that they are, in fdnotion, parotid 
glands? 

900. To show the difficulties that surround this question, it may 
be well to remark, that in the Calf, when cooked, all these glands 
taste precisely like the (so-called) sweetbread, and have the same 
general appearance. 

901. The organ called by butchers the '' throat-sweetbread," is, 
in reality, the submaxillary gland ; and the '^ heart-sweetbread " is 
the Thymus gland, which is always of great sise in young animals. 

902. The true sweetbread, or pancreas, is never eaten. 



• •• 



LESSON LX. 

THE FB0PBBTIE8 OF THE GABTBIO JUICE AND MUOUB. 

008. If we eat a dry cracker, we cannot swallow it until it be 
moistened with the saliva; and the same thing takes place with 
Oows and Sheep, when they are fed upon dry hay. 

904. When food that has been properly insalivated, reaches the 
stomach, it is destined to come in contact with two other elements, 
both of which, so far as experiments on artifical digestion have ex- 
tended, are imperatively necessary for its final resolution into chyms. 
These are, the weak acid, known as gastric juics, and mueus ; and 
without the combination of the two, in their full integrity, there can 
be no healthy digestion. 

906. From the chemical composition of one of these agents (the 
gastric juice), it must be evident that those persons who habitually 
drink much water, must necessarily impair the function of the stom- 
ach, as they thereby dilute an already weak acid, until it be power- 
less ; in fact there can be no doubt that the practice of water-drink- 
ing to excess is as much a vice as the too frequent indulgence in 
strong potations, and leads to precisely the same consequences — 
death. 

906. Moreover, water taken in large quantities with a full meal, has 
another very bad effect : when there is food in the stomach to digest, 
the capillaries, previously nearly empty, are turgid with blood, which 
has been withdrawn from the surface of the body and the limbs, to 
meet an immediate, special want ; cold water thrown upon this ex- 
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cited capillary surface, at once represses this circulation, and drives 
it back to its former channels. The blood has been summoned to 
the stomach, at the time it is specially needed, to supply the neces- 
sary pabulum for the secretion of mucus and gastric juice, neither 
of which is kept '^ on service." Once driven back, what is to be- 
come of the food, how is it to be digested, when the material for 
preparing the solvents for it has been sent away ? 

907. Water containing much lime in solution is altc^ther unfit 
to drink, because dangerous. This earth is eliminated by the kid- 
neys, and passed in the solid form to the bladder, where it concretes, 
and forms calculi, which can only be removed by the most painful 
and dangerous operation known to surgery. 

908. Boiling such water has the effect of precipitating the great 
excess of lime, but too much remains to render it desirable to use, if 
it can be avoided For comfort sake, and to have perfect immunity 
from thirst, the less people drink of any thing the better ; a moderate 
quantity (two cups) at breakfast, and the like at tea, are all that 
nature requires, and any one can soon become accustomed to this 
kind of moderation, by which the soundness of the stomach and the 
general health will be greatly promoted. Such persons are never dys- 
peptic, and never know the sensation of thirst, under any circumstances. 

909. The tubes which secrete the mucus lie in the submucous 
(8td>, under, beneath) tissue of the stomach; they are surrounded by 
the capillaries, which are going to form the capillary plexuses of the 
mucous membrane* These tubes open upon the floors of the gastric 
cells of the stomach ; their number is variable, but they average 
from five to nine tubes in each cell. 

910. A delicate distribution of capillaries with wide meshes runs 
around the tubes, and . these are the vessels seen in those cells, pre- 
senting the most open surface, by which stomach may be discrimi- 
nated from large intestine. 

911. There is much obscurity surrounding the origm of the gas- 
tric juice ; some authors supposing that it is secreted by the vessels 
of the mucous membrane of the stomach, but we now know that the 
fitomach, in it« submucous tissue, is literally filled with glands, hence 
called gastric glands ; these all secrete a fluid, and while some of 
them are known to secrete the true gastric juice, the fiojiction of the 
remainder remains to be discovered. 

912. These glands are not so well developed nor so conspicuous 
in man, as in other animals, and two views of them are selected, one 
from the Dog, and the other from the Cal£ 

14 
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918. In the pyloraa of a Dog, large glutda (Fig. 332) exist, 
lined with oylinder epithelium (a), and terminated by cosoal if)pe&d- 
agea (h) ; the body of the gland is ahown at c 

914. The gutrio glands from the middle of tiie Btomaeh are those 
which Mcrete the gastric joioe ; the function of those of the pylonia 
is not known. 



In the fonrth stomadi of the Calf these glands are pardealarlj 
nnmerons, a portnut of which is given in Fig. 338. Like the gas- 
tric glands of the Dog, these also are lined with cylinder epithelium ; 
there is an- abeence, however, of coecal appendages at ttieir twtnina- 
tion, which becomes attenuated. * 



LESSON LXI. 

HDTBmOH IB HAS. 

915. Before prooeeding to describe the organs which, by their 
united action, form the nntrimental system of Man, it will be desirable 
to state briefly and saooinotly the progressive order in which they are 
used, and the partionlar fiinction delegated to each to perform. 

dl6. The teeth may be divided into two chief Unds : incisor (or 
incision) teeth, placed in the &ant of the upper and lower jaw, their 
function being to primarily cut or divide the food ; having done tlua, 
it is directly transferred to the second order of teeth, — the motan, 
or grinders, whose function it is to grind and subdivide the food as 
much as poemble. 
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917. Dnring the time the molars are thiu employed, the saliva 
from the parotid glands is abundaatlj poured out from its dnote, 
which open opponte to the seoond grinder, and in the meanwhile the 
seoietioa from the other two pairs of salivary glands oomminglee 
with the first, and thns tho food beoomes thoroughly insalivated, 
wherehj its living principle is destroyed, and incipient decomposition 



918. Dnring this time the tongne is not idle-^ta bnainess is to 
torn the food so that every snr&oe of it may be presented to ih» mo- 
lar teeth; neither is this all, for the tongue conveys the food from 
the molars on one side of the month to those on the other side, and 
when this firat and most important operation is completed, the 
tongoe conveys the food to the funnel-shaped cavity at the back of 
the month, called the pharynx, from whence it is passed to the ceso- 
phagos to be conveyed to the stomach. 

919. The tongne is need by man in snotion ; the Canine and Fe- 
line races employ the tongne to lap fluids ; the Giraffe twines this 
organ aroand the leaves and branches of trees, and detaches them 
with force. The Ant-eaters have a Tm «u. 
remarkably long tongne, covered 

with & slimy aeoretion ; this they pro- 
' tmde, and npon it entrap theb vic- 
Ums. The Cameleon among reptiles, 
and the Woodpecker among bbds, 
have each a tongue enormously de- 
veloped, for the purpose of prehen- 

It has been already stated that 
the human tongue, in common with 
the like organ in other animals, p(w> 
Besses three distinct kinds of papillae ; 
this will be best understood by oon- 
sulting the subjoined figure of the 
human tongue (Fig. 334). The fili- 
form p^illie are seen at a, the tw^- 
form at b, and the oircumvallatta at 

e. That the filiform papilla are en- ^^^^ t„„^ 

dowed with the sense of taste is cer- 
tain, from the &ct that the gnstatory nerves (nerves of taste) arf 
extensively distributed to t^em; the precise ^nction of tike othe^ 
papillss is obscure. The white spots at the upper portion of the 
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toDgae, abore the mroamTalUte piqnlls, iadieate die macoft-erypts 
of Leil>erkiilin, which are ahnndant in this mtaation. 

920. The ceeoplutgiiB is provided wiUi two ia.jen of mnsoles ; one 
longitudinal, the other transverse. 

921. Bj their united aotion the food is eonveyed to the stomach, 
and delivered to what is called the cardiac orifice. 

922. In form the stomach very much resembles the bag of a bag- 
pipe, to which it is generally compared. 

Y^fg^ 923. It poaseses three 

coats, an internal mucus, a 
masonl&r, and an external se- 
rous coat derived from the 
peritoneum, or the membisDe 
which lines the mnsclee of the 
abdomen. 

924. A fignre of the ex- 
ternal form of the stomach is 
given (Fig. 8S5) ; the (eeoph- 

aiEUB (a) enters the stomach 

ThabsmiartomuL ^ ..^ _j- .a: ik 

at the cardiac orace- the 

constriction at the other extremity marks tlie pyloric valve (6) ; and 

the first of the small intestines, the doodenum, oommencea on the 

other side the pyloms (c). 

925. As soon as the food reaches the stomaoh, it oomes in eon- 
tact with agent« which exert a (^emical inflnenee npon it ; these are 
the gastric joioe, and macos. Stimulated by the presence of food, 
the mnscles are in iubessant aoUon, constantly contracting on it, 
moving it from side to mde, literally churning it. 

926. The combined aotion of the heat of the stomach, tbe mns- 
•eaiax aotion, and Ute solvent power of the gastric jnioe, aided by a 
peculiar influence of the moons, reduces the food to its elements, or 
diasolvcs it into a pnlpy state, called chyme. 

927. In tliis form it makes application to pass throogh the py- 
loric valve, and if there be no solid particles, it is pennltted bo to 
do ; but undigested matter is eent back agun to be thoron^y re- 
duced before it can be allowed to go thion|^ the valve into the duo- 
denum. If, however, the food chance to be of an unhealthy or in- 
digestible character, the stomach soon casta it out, in the same state 
that it entered the organ, and proceeds to aot upon what may remun 
of a better character. 
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LESSON LXII. 

HUTBtTlOB IN HAH, CONTIKCED. 

928. When it readies the intestine, the chyme is sahjeot to new 
influences ; the Liver anpplies its bile, and the panoreu (or sweet- 
bread) the panoreatio jnioe, and by their means the chyme beoomea 
dianged into chyltf or new blood, wliioh is to oircnlate throughout 
the body, to renew wasted material, and to promote growth. 

929. When formed, the ohyle is white and milk-like, and is a8E<H 
ciated with innutritions materials ; from these it is separated, firstly, 
in the duodenum, and what then eecapes is subseqnently constantly 
being separated throughout the tract of the small intestines. 

930. But the ehyle is not blood ; it does not yet possess the ne- 
cessary requirements of that fluid — it lias no life j it wants, in fact, 
another element, ozygen, and must go to ^e lungs to obtain it. 
For Uiis purpose the villi of the nnall intestines are provided with 
certain tubes, or canals, called iacteals, from lacta, milk, and it is 
their duty to take up or remove the chyle, still white, and convey it 
upwards to a reservoir in the chest called the thoracic duet ; thence 
to the heart, and finally to the lungs, from which latter organ it is re- 
turned to the other dde of tha heart (the left side), of a beautiful 
bright vermilion color, endowed with all the propertieB of new bloody 
and forthwith to be distributed by the arteries to all parte of the 
body, for the purposes of nutrition. 

931. The injected preparation of the mucous membrane of the 
stomach of Uie human subject (Fig. 836) 

is a magnificent spectacle! Here we 
have a dense arrangement of honeycomb- 
like cells, the walls of which are formed, 
not of a single capillary as we have hith- 
erto seen, but a plexus of very delicate 
vessels. This particular arrangement is 
only met with in the mucous membranes 
of m^n, and the monkey j in all other ani- 
mals ungle vessels fimn the oell walls ; *""*"* "^JJ^JSJ """ 
by this sole characteristic the human stomach (or monkey) may be 
readily known. 

982. The oommenoement of the duodenum, soon after its junc- 
tion with the pylorus, abounds in glands, known as "Bmnner's 
glands," from their supposed discoverer ; in truth, however, these, m 
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common wi& the reminder of the intestinal glands, were reall; dig- 
covered hj Pejer, who describes them as being " as nnmerons as the 
stars in the firoumeDt of hearen." 

933. These glands lie, not in the mucous but in the submucous 
tissue, where they form a continuous layer of white, flat bodies, of 
irretrnlar siie, surroundinfr the whole intcs- 
F». »T. . . « 1 . , ^^. 

tine. Each gland oonsisu of namerous 

minute lobules, of which the ducts (a) 
open into the mucous membrsoe of the 
intestine. ' A figure of these glands is 
given {Fig. 837). 

934. The villi of the duodenum (Fig. 
888) are nsuallj larger and broader than 
BnuiMfigtaKta. *'"*«' «' **■ Jejunum, and are remarkable 

for the possession of a la^ Teasel in the 
centre of each villuH ; throughout the small intestines, at the bases 
of the villi, and surrounding them, are the muous-crypts, or folli- 
cles of Leiberkuhn. 

936. They i^pear like eo many minute holes upon the sor&oe of 
the mucous membrane ; ezauuned by dissection, they are found to be 
long, narrow, deep tubes, or cavities, giving the idea of a villus 
pushed into the mucous membrane, and inverted, like inverting the 
$nger of a glove. In life these glands are filled with a clear, fluid 
secretion, called the inUttinal juice. 



936. In the human jejunum the villi and Lciberkuhnian follicles 
are well seen (Fig. 839) ; it will be readily percdved that, by the 
arrangement of these follieular glands, the sur&oe of the mucous 
membrane is thereby greatly increased ; where there is not room for 
another villus, there is yet room for a series of minute sfwrtores at 
its base. 

937. The villi of the small intestines contain tn their interior 
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oertain yesaels, whose flinotioii it is to absorb the nutriment and eon- 
▼ey it into the oircnlation, to supply the blood positiyely lost by the 
various ghmdular bodies, all of which have secreted or formed scpne- 
thing from it; these are the laeteak, already referred to. 



-•♦•- 



LESSON LXIII. 

NUTBITION IN MAN, OQNTINUXD* 

938. The precise relation of the laoteals to the yilli of man, has 
not yet been determined, owing to the difficulty of meeting with villi 
distended with chyle ; but in the lower animals we can feed, and sub- 
sequently kill, at any required moment, a Dog, or Cat^ &c., and at 
once proceed to make the necessary examination, 
"^ 939. These vessels appear to be much larger than capillary blood- 
vessels, and one only is found in a villus which traverses its oen- 
tral axis, and terminates in a ooocal, or enlarged end. 

940. But how does the chyle get into the lacteals ? This is a 
very difficult question to answer, and one to which no satisfactory re- 
ply has yet been given. Many theories have been advanced, but no 
authenticated observations have as yet been published. 

941. Some investigations made on this subject,* but not yet 
given to the world, lead to the conclusion that the apices of the 
villi open, and that the chyle is received directly in at the enlarged 
termination of the lacteals ; it must be conceded, however, that this 
&ct is very difficult of verification, for the tissue, when first seen, is 
fevered with a deep layer of mucus : the epithelium at the summit 
of the villi, is, like the organs themselves, porrect (standing up), 
and worse, it so soon dies. The only favorable circumstance in con* 
nection wiifi a transient glance is, the uprightness of the vUlij so 
that the spectator looks down upon and readily perceives their open 

* Thirty jmn ago, daring the Author's stadentahlp, desirous of obtaining Information 
on this subject, he killed » Oat, and prooeeded to examine the small intestine as rapidly as 
possible, whilst yet vitality remained in the tissnow He saw the summits of the villi all opm^ 
apparently as wide as their own diameter, bat they soon closed up, and remained shut 

Sabeequently he repeated this experiment to a party of distinguished medical men, in 
London, indndlng some of his teaeheza. 

Having to arrange the preparation under the microaoope, he again saw the same slgbt, 
but, owing to the rapid loss of vitality, the villi so soon closed that not more than two or three 
of the gentlemen present had an opportanlty of seeing any thing of this interesting exhibi* 
tlon, and then so hastily that it was tu fh>m satisfiwtory to them. He has not since repeated 
this experiment 



S16 AxatAi, PBTSiOLOor, [i^BBsoir 63. 

Hunttlu, but sndi ezpenmentB need eonfirm&tion st tlt« hands of other 
obaamis, before they cui be reoeived ae true. 

.642. The hnnuui Ilenm is chiefly remukftble for the nomber of 
solitary uid a^enated glands there fband. The fi»nier are in erery 
respect like the latter, except that they are seattered amongst the 
villi singly, instead of being grouped in masses. 

948. These glands are ronnded, flattened organs, always found 
along that snr&oe of the intestine which is oppomte to the meeen- 
tary. The " Payer's patches " of these glands increase in aiae as 
they approach the eceenm, and attain their greateat dimenuons jnst 
within the iliac portion of t^e valye which separates the ileam from 
the o»cum — ilio-<xecal valra. 

941. Each gland of a Peyer's patch is round, somewhat hemis- 
pheiieal, bat slightly flattened at the top ; no vessels hare been de- 
tected in them, except in the preparation of the Calf (Fig. 386), 
where, it is supposed either that the gland was in some peculiar oon- 
dition, or that the form of injection used (Bi'Chromats of potash) 
ran more minutely than usual ; most likely the latter. 

946. They eontun a thickieh gray matter, with which there is 
but little fluid, and a number of nucleated cells, of round fonn, to- 
other with an abundance of &ee nuclei A flgnre of tlie aggregated 
glands (Pig. 340) is given ; the glands are seen at a, and the villi of 
the intestine at b. 

946. These glands are particularly liable to take on disease in 
Pio SM. typhoid fever, and patients are frequently oon- 

valescent of the fever, and yet die of Typhoid 
Pej/trian glands. When this disease supervenes, 
the glands firstly ulcerate, and subsequent^ 
slou^ off, destroying at last the walls of the in- 
testine— when the 
Pra. Ml. .. _^ ,. 

patient dies. 

A figure of 
tjrphoid Feyerian 
glands, copied &om 
a preparation, is 
here given, (Fig. 
841.) The healthy 
viUi of the intes- 
i^pboid Fefaiiu giiodi, himiu. tine are seen at a ; 

— ;; ;; at thclr bases lie 

uwXiuir>iiuu>i. the folUeles of Leiberkuhn {b), whilst a large 
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bole (wMte in the preporetioD) shows where the gUnda of Feyer hsve 
sloughed ofL In phthisis these glands are lisble to become the seat 
of tubercular deposit, and also of an aloeratiTo proeees, whenoe re- 
sults the diarrhcea, bo troableBome in that disease. In Asiatic chol- 
era they become greatly enlarged from the accnmnlation of gnmolar 
matter in the vesicles. 

Bmnner's glands are remarkably free from tendency to disease. 

947. The mncons membrane of the large intestine in mui, as in 
other animals, bears a close resemblance „ ^^ 

to the like tissne of the stomach, bat in 
man (and the Monkey) agun we find 
that a delicate plexns of capillaries, not 
single ressels, forme die boundaries of 
the cells (Fig. 842). 

948. Solitary glands are abundantly 
found in the large intestine ; they are of 

large size, and exhibit a fonnel-shaped ^^^^^ 

cavity (see Fig. 298) or pitrlike aperture, 

which forms a depression of the muoouB membrane ; at the bottom 

of this follicle lies a dosed, somewhat flattened gland, exactly the 

same in structure, and possessing umilar contents to the glands of 

the small intestines. 

It has already been obserred that the mucous membranes in the 
Monkey are identical with similar stmotareB in man, and two illus- 
trations are offered in confirmation of this fiiot 

The first (Fig. 348) is from the Jejnnum, and exhibits villi of 



thb same siie and shape, and the same display of mnous-crypts, as 
the oarresponding human intestine. 

The second (Fig. 344) is from the Colon, and again the same 
exact parallelism exists. While the cells of such tissne in all other 
animals are sarrounded by «ngle vessels only, it is reserved for man 
and the Monkey to display a pleaua in the same situation. 
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949. A earefdlly compiled description has thus been given of the 
form of the nntrimental organs, and their accessory gbindular ap- 
pendages, in the sereral classes of the animal kingdom, commencing 
with the lowest, and tracing its gradual development up to man. 
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LESSON LXIV. 

NUlErnON IN MAN, CONTINUED. 

950. In the class of Animalcula, we saw a number of digestive 
cavities possessing but one opening ; a little higher in the same class, 
this cavity was extensively sacculated. 

951. In the Eotifbrous animals, the alimentary canal possesses 
two openings, and a glandular apparatus is superadded. 

952. The Entozoa (intestinal parasites) are somewhat anomalous ; 
the AcephcUocysti' although allied to the Entozoa by its affinities, is 
really lower than the lowest animalcule. It is provided with a nu- 
trimental cavity, but destitute even of a mouth, and like the plants, 
to which it is most closely allied, propagated by spontaneous division. 
None of the Entozoa possess more than one cavity to their nntri- 
mental organs. 

953. In the Polypi we found the same simple condition of the 
nntrimental canal, and in those which possess a stomach with two 
cavities, the lower one is solely devoted to the transmission of nutri- 
ment for the extension of the commonwealth. 

954. The Agalxpha are equally simple, and the like must be said 
of some of the 

955. EcHiNODBRMATA, whcrc Asterias possesses only one diges- 
tive aperture. 

956. In the remaining orders, a slight advance has been made ; 
the alimentary canal is much more extensive, possesses convolutions, 
and terminates in a distinct aperture, opposed to the mouth. 

957. Amongst the lowest of the Annbllidxs ranks the Leech ; 
but although possessing only a stomach fbrnished with coecal append- 
ages, it has yet two apertures. The Aphrodita, in addition to its 
numerous cooca, has an intestine superadded. 

958. In the lowly Epizoa, we still have two apertures to the ali- 
mentary canal, in addition to an intestine, which indicates a higher 
grade of development. 
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959. In the OiBBiPSDa the same condition obtains* ' 

960. The C&ubtacsa mark a higher adyanoe, by the possession 
of a large, well-developed liver, in addition to an intestine and two 
apertures. 

961. The Inbbots are tmly remarkable for the great perfection 
which their organisation displays. Provided with months exquisitely 
adapted to their varied food, the straotnre of their internal organs is 
quite complicated. 

962. Here we meet, not only with salivary glands, but frequently 
existing to the extent of three pairs of them'— as many pairs as man 
himself possesses, and endowed, apparently, with similar functions. 
In addition, they all have a liver, and some of them (Blatta) a pan- 
creas, whilst the intestinal canal is divisible into nearly as many 
portions as that of the human subject ; and, finally, many of them 
possess kidneys. 

963. The higher members of the class AnAOHinnA, the Spiders, 
have a liver and a kidney. 

964. In the Mollusca we find no advance, but in many of its 
members a falling off of development. 

965. In the Tunigata, the only accessory organ is a liver. The 
like in the Braohiopoda and Lamsllib&anchiata. In the Gastjbbo- 
poda, salivary glands are added. 

966. The Csphalopods, like many Insects, have a plurality of 
stomachs, but no positive advancement is discernible; as a whole, 
the class Mollusca appears to be below the Articulata in general or 
ganization. 

967. The Fishbs, as the lowest class of the Vertebrate sub-king^ 
dom, exhibit only a rudimentary condition of the nutrimental organs ; 
a liver, however, is always found, and usually well developed ; the 
salivary glands, for the most part, merge into the pancreatic folli- 
cles so abundantly developed in the majority of them. 

968. The BsptiLBS, as a class, indicate a higher rank ; the sto« 
mach is always weU formed, particularly as regards the internal 
structure of it ; neither are the accessories of a well-defined nutri« 
mental function wanting. Although the FrogB are destitute of 
salivary glands, the three pairs common to the higher animals are 
distributed amongst the other members of the class. They are all 
supplied with a liver, have the intestinal canal of sufficient length 
fmd properly divided, and possess kidneys. 

969. The Bibds, amongst their remarkable developments, pos- 
sess, many of them, four pairs of salivary glands. Without jaws, 



220 ANIMAL PHT8IOLOOT. [USBSON 65. 

without teeth, for the dividing and mastioation of their food, 
the stomach is wonderfully modified to suit an extraordinary 
want All the other requisites of a well-developed nutrimental func- 
tion they are possessed of. 

970. The most elaborate and perfect form of these organs is met 
with in the class Mammalia. Notwithstanding the various modifi- 
cations and complications of the nutrimental canal to meet special 
wants, the general principle remains always the same, and the sever* 
al accessory organs essential to perfect digestion of the several kinds 
of food, upon which the members of the class are destined to sub* 
sbt, are there. 



-«♦«- 



LESSON LXV. 

NUTRITION IN MAN, CONCLUDED. 

971. What a wonderful piece of mechanism is the human intes- 
tinal tract, with its millions of villi: all periodically actively engaged, 
its mucus-crypts, its countless glands, its capillary, and its nervous 
systems ! That it should at any time get out of repair is by no 
means surprising ; the wonder is that it remains in a healthy condi- 
tion, especially from the difficult and impossible labors many of us 
call upon it to perform. The true rules for a sound and healthy 
stomach are few and simple — to eat when we are hungry^ and to 
drink only when nature requires it. • 

972. How many persons there are who occupy themselves inces- 
santly in eating, and as incessantly in drinking wata* ! Has it ever 
occurred to them that the highly complicated machinery necessary to 
digest food requires repose ? 

973. The muscular coat of the stomach having labored to digest 
a meal, demands rest, and must have it, if its vigor be cared for. 
On the other hand, if it be attempted to make the necessary organs 
always work, they fiatly refuse, and will not do any thing ; whereby 
the worst form of dyspepsia results. A pint of water weighs one 
pound, and the stomach must attempt the same means to get rid of it 
as though it were the same weight of solid food, but with less suc- 
cess; all its contractions are in vain — the water eludes these efforts 
till the fatigued muscles yield in despair. 

974. But there are other forms in which we do ourselves a great 
wrong, namely, by eating improper, because indigestible food, or by 
ealong food improperly prepared. Thus young meats (Veal and 
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Lamb) are neither nntritiouB nor easy of digestion; Beef, and espe* 
eially Mutton, are by far the lightest and most nntritions of all meats. 

Gnrions, but most satisfactory information, qnite confirmatory of 
the views already ennnoiated, have been famished by a series of 
oarefully noted experimente, made at different times, and by a num- 
ber of independent observers, upon the stomach of Martin, the cel« 
ebrated Canadian nith a permanent hole in his stomach, the result 
of a gun-ehot wound. The gastric juice, long supposed to be a myth, 
inasmuch as no one had ever seen it, because it cannot be found in 
death, appears to be secreted at the very time, and in the exact quan* 
tity wanted. The physiological law that all young meats are in* 
digestible, is sustained by the fact that a tender young Chicken 
requires two-thirds longer time to digest it than a tough old hen. 
Chickens are frequently prescribed for invalids, but this appears to 
be a mistake, as, to be easy of digestion and nutritious, the full de- 
velopment of age would seem to be essential But caie and cau- 
tion are necessary in the preparation of such food ; it should be put 
into cold water after having been cut into pieces, and simmered 
gently for many continuous hours, the time required depending upon 
its age. If it once be suffered to boil, there is an end of the pro- 
cess, for muscle consists of the two elements— albumen and fibrin — 
and the too sudden application of heat, or the temperature of the 
boiling point, coagulates one element (albumen), and carrugaieg 
the other (fibrin). 

Coagulation of albumen is the state to which the white of an egg 
is reduced when boiled hard-*perfectly solidified. Corrugation of 
fibrin is imitated by parchment brought under the infiuence of a 
strong fire, in which the entire mass is shrivelled, or clewed up into 
a small space ; in both cases the nutriment is looked up, and ren- 
dered inaccessible to any stomach. 

The fiesh of an Ox or Cow is more readily digested than Yeal ; 
Mutton^ than Lamb. 

It is well known that the application of heat to butter or lard 
decomposes ihem, and essentially alters their properties; for this 
reason pie-crost is extremely unhealthy. A peep into the Canadian's 
Btomach, shows conclusively that cooked butter or lard is firstly sep- 
arated ; it then floats upon the surface as a mass of grease,* and ulti« 
mately passes out of the stomach, without undergoing any digestion 
whatever. 

The skins of all kinds of fruit are entirely indigestible ; the sto- 
mach refuses to have any thing whatever to do with them. 



? 
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Hot bread never digests at all ; after a long season of working 
and tumbling about the stomach, it will begin to ferment, and in the 
end, having submitted the organ to a great amount of &tigue, be 
finally passed out of the stomach as a refractory and unmanageable 
mass. But it never becomes assimilated, or absorbed by those organs 
destined to appropriate nutriment. 

Another remarkable &ct has been developed, which proves the 
truth of the old adage, " laugh and grow fat" It has been satis&o- 
torily established that mirthfulness at and after a meal greatly fiidli* 
tates digestion. On the other hand, if this man be made iwgry at 
or immediately subsequent to a meal, bile rushes into the stomach 
in a perfect stream, and digestion is retarded for some hours, and at 
last feebly performed. 

975. Besides hot, there is another form of bread demanding 
notice, and the evils in connection with it are easy of demonstration; 
for example: the bones of a young Child are gelatinous (com* 
posed of jelly), or, at the best, cartilaginous (gristly) ; to become 
bone, they require the phosphate of lime to be deposited in the 
meshes or interstices of the tissue. 

976. Wheat contains the phosphate of lime, which, if allowed to 
remain as such, would be duly appropriated; but if tdum form a 
constituent of bread, this earth is neutralized, for a mutual decompo- 
sition takes place between it and the constituents of alum. Alum is 
the earth aluminay in combination with sidphuric doid ; but if phos* 
phate of lime be present, the sulphuric acid having more affinity for 
lime, quits the alumina, and forms a new compound — sulphate of 
lime, or plaster of Paris. The phosphoric acid and alumina are both 
set free, and in the way of nutrition. Children fed upon bread thus 
made are liable to rickets, caries (rotting) of the teeth, and a still 
worse disease known as ^' spina ventosa," in which very painful tu- 
mors are formed, sometimes as large as a human head. 

977. Another very objectionable substance is in general use, to 
supersede eggs, or yeast — saleratus ; it is only necessary to remind 
the reader, that this agent is simply a modified pearkuhi which is a 
poison. 

978. But it is not only in the baker's bread that we go wrong ; it 
has been*already remarked, that the hot biscuits in common and daily 
use are most objectionable, and no stomach can possibly digest them ; 
moreover, they are rarely sufficiently baked. 

979. Every good housewife knows, that whilst a loaf from the 
baker is scarcely eatable on the second day, that her own sweet, 
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pure, and nutritions '' home-made,^' retaiiiB its freshnesfl and softness 
for at least a week, — ^this is the best form of bread* 

980. Unripe fruit and vegetables should be.avoided as dangerous ; 
consequently green com, being an unripe, immature vegetable, is 
most unhealthy. 

981. Those persons who partake of this vegetable, are constrain- 
ed to eat thp hull, which, in the green state, is particularly thick 
and tough, and cannot possibly be assimilated, as the experiments on 
Martin's stomach fully testifies ; moreover, the corpuscles of starch, 
so eminently desirable in the ripe com, are not yet formed in its 
green condition. Never eat or drink between meals. 

982. These remarks might be extended with great propriety, but 
the theme is neither a gracious nor a plelAsant one ; it must be under- 
stood, at the same time, that they are addressed ostensibly to the 
younger members of the community, who will feel no difficulty in 
beginning the rfght way, and continuing in it, whereby their life 
will be prolonged, and their happiness promoted* 
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LESSON LXVI. 

OOMFOtnn> TUBULAS TISSUEB.— MT78CULAB FIBBB. 

983. The flesh of animals is cidled technically musd^; examined 
by the microscope it is found to be of two distinct formations— 
striped, and non-striped. The majority of the lower animals, espe* 
cially those {Mollusca) in which the nutrimental function is devel* 
oped at the expense of those properties which commonly distinguish 
an animal, as locomotion, volition, &c., possess the non-striped mus* 
de only. 

984. Insects, Crustacea, and other of the animals conspicuous for 
their activity, possess, in addition to the non-striped, the striped 
muscle. 

985. In the lower, in common with all the higher animals, the 
non-striped muscle belongs to the vegetative organs (nutrimental 
canal) ; and the striped muscle to the organs of animal life (loco- 
motion). 

986. A singular and beautiful illustration of the muscular fibre 
of the Molluscous class may be given from a specimen of fossil mto- 
ctdar fibre, from the tentacles of the extinct Belemnite, which accu* 
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rately agteea with the Btractnre of the muscnUr fibre of the tent*- 
oles of the receot Cattle-fiahes (Fig. 345). 

987. The fibres are of two uses, thoae near the external enr&ee 
are remarkably fine (a, Fig. 346), whilst thoae of deeper layer (a, 

FIS.M& 
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Fig. 846) are much broader ; both preeeot the same characteristics, 
which consiBt ohiefiy in the possession of a great number of naclei 
{b. Fig. 345). Wherever two layers of fibres are found (in the deep- 
seated muscle), one layer of fibres crosses the otiier at right angles 
(c, Fig. 846). The fibres of the outer layer show the pigment cells 
in great abundance, and in a 
wonderful state of preserra- 
tion {a, Figa. 846 and 347). 

988. In addition to the 
mnscnlar fibre, a portion of the 
integument (a. Fig. 847). is also 
shown; it ooours to some ex- 
tent in oonnectbn with the 
moBonlar fibre, in whiah situa- 
tion it cannot well be seen, 
but the detached portion is very interesting, as it shows epidermic 
scales. In this preparation the fibres are aeen singly, and the nuclei 
well shown. 

989. Amongst the active animals of the Articulate sub-kingdom, 
the striped fibre prevails, except as regards the muscles of the nutri- 
mental organs. This form of the fibre in insects, and lalidie, has 
often been figured, but a general misoonoeption appears to prevail 
with regard to its true structure. 

990. The transverse lines on an inseot fibre are so well marked. 
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that thaj gire an idea of oouBeDee?, and as auoh they hare heen de- 
soribedj but a Uttle oarefdl examinatioii of the subject will show 
tliifl opinion to be erroneoiu, for, on the contrary, the ultimate fibril- 
Ue in these animal a are bo remarkablj delicate, that no amount of 
magnifying power will succeed in showing a single transverse line 
upon them, when examined singly— in the mass they are seen. 

991. This is shown in Pig. 348, copied from a preparation of the 
muscles of Blatta Americano, mode to show the ultimate fibrilln ; the 
muscular fibres on either side (a, a) show deli- 
cate transverse lines, but the fibrilUe torn 
from, and still connectbg them (b), do not 
show the least indication of a transverse line, 
still they are really tbera 

992- So, too, ^^^ 

Inlos (Fig. 349), 
in which the lines 
on the fibre are 
very coarse, the 
fibrilliB liberated 
at the end, aie 
singularly fine, 
and display no 

transverse liow. MbkbIit Sbn, B. AmsrlaDi. 

993. If we examine a muscle of the higher animals by the naked 
eye, it will be seen to consist of a bundle of fibres, running in tJie 
direction of the long axis of the mnscle, and connected by means of 
areolar tissue. 

994. If a muide be analysed by dissection, it wiU be found to 
consist of fatdGuU, or bundles of fibres ; and if we succeed in ob- 
tuning an vltimate fim, it will consist of a fasciculus or bundle of 
tdUmaie fibriUa. 

995. An uitimaU fibre exhibits, under the microscope, the longi- 
tudinally srranged &soiouH of ultimate fbriOa, their number being 
so great, howcTer, that their precise structure cannot be determined 
on til separated. 

LESSON LXVII. 

jnTBCTTLAB FIBBB, CON'flNUBD. 

996. In addition to the longitudinal lines, equi-distant trans- 
Terse lines, at right angles to the former, will also be seen, uid the 

15 
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general appeanmoe of the fibre will indicate a breaking np of the 
entire straoture into small dice, or sqnare cells oonttuning discs. 

997. It is always nnoertain in which direction a mnacle will pre- 
fer to split — whether in the direction of its longitudinal elements, 
the fibrillse, or in the direotion of the transverse lines — the cells. 

A representation of cleavage in the latter direc* 

tion ma; be seen at Fig. 350. 

998. It has been remarked that the elements 
of s moscle (fibres) are connected to eaoh other 
bjareolar tissue; the elements of a fibre (ultimate 
fibrilW) are similarly connected; bat a jAn is 
enveloped in a distinct and characteristic tisane 
— the myoUmma (sheath of the muscle), or 
simple membrane in the animal kingdom. 

999. This shealh is quite distinct from areo- 
lar, or any other tiusne. Its eiiatence can easily 
be demonstrated in any muscular fibre by sub- 

trtnevereeij. jecting it to the Bction of fluids, which occasion 

a swelling of its contents ; such is the eflect of aoids and alkalies, and 
the result may be obtained by citric and tartaric acids, or by potash. 
1000. There is no reason to believe that the myolemma is per- 
forated, either by nerves or capillary blood-vessels; it rather seems 
p^^ gjj to present an impenetrable barrier 

iKtween the real elements of muscu- 
lar Btmcture and the surrounding 
parts. 

1001. Muscular tissue, properly 
so called, is extra (non) vasanlar; for 
its fibres are not penetrated by ves- 
sels; and the nutriment required for 
its growth must be drawn by absorp- 
tion through the myolemma. 

1002. Still, the substance of mus- 
cle, as a whole, is remarkably vascn- 
lar ; the capillary vessels being dis- 

TiMoiitiiv nf amt&t. a. AttHy; ft, tributed in parallel lines, rnnninii in 

tein i 0, C«illt«1«* , ,. . - , ., , . , 

the direction of the fibres, and united 
by transverse branches in the minute interspaces between the fibres; 
so that, in all probability, tbere is no fibrilla which is not in close 
relation to a capillary (Fig. 351). 

1003. The striped muscles, or moscles of animal life, as they 
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are called, in coDtradistinction to the non-siriped niiiscle, or mnscle 
of regetatire or organic life, ^.^^ ^^ 

are, of all the tissues except the 
Bkin, most abuDiJantl; supplied 
with nerves. These, like the 
blood-vessels, lie on the out- 
side of the myolemma of the 
several fibres j and their iuflu- 
euce must conscqueatly be ex- 
cited through it. 

The general arrangement 
of the nerves is ^own in Fig. 
352. 

1004. The ultimate fibres 
or tubes of the nerves, after is- 
suing from the trunks, form a 
series of loops, whioh return 
either to the trunk from whence 
they proceeded, or to an adja- 
cent one. 

1005. Having described the 

general strueture of the striped in«tributton M nerTM to mmcie. 

muscle, it only now remains to give its minute and ultimate charactors. 

1006. Obtain by tearing out the tissne an ul- 
timate fibril, or tear a fibre longitudinally, so that it 



lluela locD to akov Obrlllm Cltbnile flbrUla n[ mat- 

,ul« fibre, Pig. 

is held together only by a series of fibrillie, suoh as represented in 
Fig. 853. 

1007. Place it under the microscope, usingfor this purpose not less 
than a fonrth object-glass — or a linear power of about 500 diameters. 

1008. An appearance suoh as is shown in Fig. 354 will be seen. 
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The fibrilla wQl now appear to be a delicate transparent tube, divid- 
ed by well defined bat very delicate transverse lines, by which the 
stracture is broken up into a series of symmetrical cells. 

1009. In the centre of each cell is a solid, dark body — ^thc saroous 
element of Bowman. 

1010. A fourth object-glass will only show a single transverse 
line ; but a superior twelfth object-glass will show that the line is 
double — divided by the least conceivable interval of space. 

1011. If the structure be built up of cells (of which there i^ 
pears no room for doubt), each cell should have an upper and lower 
portion, and the approximation of two cells should show the top of 
the one and the bottom of the other, and this is tru& 

1012. The transparent membrane around the sarcous element 
lias been named the sarcolemma (sheath of the fleshy element). 

1013. Thus it will be seen that a primitive ftsciculus is made up 
of a number of JfibrillsD, running together in a longitudinal direction, 
united together by areolar tissue ; when a fibre is formed, the entire 
fasciculus IS contained in the peculiar sheath, the myolemma. 

Each fibrilla is again composed, as before stated, of an external 
tubular :8heath, the sarcolemma, in which is contained cells having 
Tectangular discs (sarcous elements) enclosed in chambers, or spaces, 
formed by processes of the sarcolemma extending across the tube. 
The fasciculi are united in bundles by areolar tissue, invested by the 
myolemma to form the fibres of descriptive anatomy. 
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LESSON LXVIII. 

IfTTBCULAK FIBBE, CONCLUDED. 

1014. Such is the history of the structure of the muscular fibre 
of animal life, and when compared with the representations of fresh- 
water and marine algse, they will be seen to be identicaL 

1015. Thus Fig. 355 represents a very beautiful parasitic fresh- 
water Alga, found upon the stems and leaves of the white and yellow 
pond-lilies. The entire structure consists of a congeries of square- 
shaped cells, each of which is a plant in itself^ and containing an 
equally square nucleus, or germinal spot. 

1016. It should be remarked that the squareness of the cell, and 
of the nucleus, form distinctive characters of this order of plants. 
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1017. Theserieaoflarge,d&rk,oircnil&r masses (a) uonndthefigore, 
tad near the margin, are the sporangia (spora, a seed ; aggot, a vessel ; 
spore, that portion of a plant which performa the function ef seeds). 



FrMh-wilsrAlgi, purultlooD pond Ullu. 

1018. In this order of plants propagation is effected by the apon- 
laneons diviBioa of cells, and by spores, contained in what is called 
" mother-cells " (perispores), the structures described (a) in the figure. 



A1gi.<Him BsrUdoH. 

1019. In a beautiful Harioe Alga, CaSithalmia Baiirii, tta 
spem&o name, in honor of the late Professor Bailey, of West Point, 
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ve find an npproxiaiation to the stnictme (ultimate) of mnscalBr 
fibre (Fig. 354]. The plant coneiats, like all the algte, of a oocgeriefl 
of cells of exceedingly variable Hize, depending upoa their maturity. 
10'20. A bnd is shown, made up of cells eqnally variable in 
siie. In the interior of all these cells, withont ezoeptbo, is a nu- 
cleus, of a reddish broim color, always bearing a close relation to 
the size of the cell oontaining it (a). 

1021. In another marine alga, from the Island of Barbadoes 
(Fig. 357), we appear to be gaiing upon a very highly magnified 
ultimate fibre of the Pig. The arrangement of the longitudinal 
line^ indicating ultimate fibrillie, ia perfect, and the cells, somewhat 
longer in one diameter than in the transverse one, and oontaining 
the (as if) sarcooB elements (a), renders the illusion as satis&ctary 
as can well be desired. 

1022. But a still closer approximation b in store for na ; in 
Lake Michigan, at Chicago, may be found, in great abundance, a 
remarkably delicate fresh-water alga. Like all its kindred, it ex- 

j,^ gjg^ hibits, at the same moment, 

every stage of development 
Small, detached portions of 
this plant are extremely graoe- 
Min the general arrangement 
of their parts, as will be seen 
by reference to the figure (Fig. 
858). 

1023. This plant, collected 
in tbe height of summer, gave 
indication of its amaiingly ra- 
pid growth,allthecells, devoid 
of nucld, indicating new cells ; 
the cells of the stem, how- 
ever, are more mature than 
those of the branches, and 
each one contains a nucleus 

(<■). 

1024. It is only necessary 
to refer the reader back (Fig. 
364) to the highly magnified 
riew of the ultimate fibrilla 
of muscular fibre, and making 

Aiofr™uk,iUch%«uChic«* ^^^ allowance for the dis- 
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parity of size in that figure and this, there can be no doubt that the 
structure is the same. 

1025. It is by no means the least remarkable fact that a tissue 
purely animal, as is the muscular fibre of animal life, should exhibit 
in its elements the true characteristics of a vegetable origin, and, still 
more, of a lowly yegetable, such as an alga, but here we may trace 
a distinct connection between the lowest plants and even the highest 
animals. 

1026. The ultimate element of a muscle, therefore, is a single 
nucleated ceU, such as forms the sole element of thousands of plants. 

1027. Neither does the analogy end here, for it is well known 
that in muscular fibre the cells are firstly formed, and the nucleus 
(sareous element) subsequently placed therein. 

1028. It is highly probable that the sareous elements of muscle 
possess the same generative power as the nuclei of plants, and that 
the tissue is extended by the subdivision of the sareous element, and 
the cell containing it. 

1029. Very thin transverse sections of muscle show merely a 
series of minute round dots — the sareous elements— each one being 
surrounded by a small circular white ring, de- j.^^ 35^ 
noting the position of the rectangular body 
within the tube (Fig. 859). 

1030. The muscles of organic life, or vol- 
untary muscles, as they are calledy'^differ in 
structure firom the preceding. TranAverse sccuon of 

1031. They form a closer and more com- miwcie. 
pact tissue, and are far more difficult to manipulate with than the 
muscles of animal life. 

1032. It sometimes happens that their size is hss than the fibres of 
the striped muscle, although in some animals the contrary is the fact 

1033. These plain, non-striated fibres, are arranged like the 
fibres of the other muscles, in a parallel manner, into bands, or 
fasciculi ; but the fi&sciculi are usually woven into a network not 
having any fixed points of attachment. 

This is the nature of the muscular coat of the cesophagus, sto- 
mach, intestinal canal, &e. ; it also occurs in most of the large gland 
ducts, and in the iris (curtain of the eye). 

1034. The Heart is composed of various forms of muscular fibre ; 
some being distinctly striated, others quite plain, and others of in- 
termediate character. 

1035. The chief characteristic form of the non-striped muscular 
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fibre ooBBiaia in certuo nodoriHea (ballte), developed at certain inter* 
vsls, and tiiese are fotmd to oontain a nueleut. 

1036. To render thie btter fact apparent, it is 
frequently desirable to emploj aoetie aoid, bat pre[^ 
uatioDs are not onoonunon wliiab bave not been 
nibjeoted to tbe action of any re-agent, bat in wMcfa 
tbe nnolei are veil seen. A figure of the non-strq>ed 
fibre is given (Fig. 360). 

1037. The tne atrnetore of mnsonlar fibre, as 
revealed by the miorosoope, waa first pablisbed in 
the Philoeophioal Traasaotions, by Hr. William 

Mon-iiriMii nua- Bowman, and that aoooont has been made available, 
in addition to original obeerrationa and preparations. 



LESSON LXIX. 

COMPOUMD TUBULAB TI8S0BB, OOST1N0ED.— REKV0U8 8T8TEM. 

1038. The late Baron Cuvier applied himself to oorreot the 
errors in the olasufloation of Animals which had been handed down 
to US by Aristotle, the Father of Natural History, altered, but not 
improved, by Linnsiu, and descended to oar own times. 

1089. To this end he devoted mnoh time and nntiring labor to 
the dissection of the nervoas systems, especially of the Invertebrate 
animals. The result of these labors was, the division of the entire 
animal kingdom inUt four primary divitioru, or snb-kingdoms. 

1040. Notwithstanding that the stmcture of the nervous system 
really formed the basis of bu classification, he contented himself with 
the prominent external obaracters, as tbe means of designation of 
his three lower classes, and only in the first class is an inim-nal 
character adopted. 

1041. Tbos the animal kingdom consisted, aooording to this 
anthor, of the following divisions : 

Yestkbbata, ABncnLATA, 

MOLLUBOA, RaDIATA. 

1042. All the animals of the first cUas possess a bony vertebral 
oolamn, for the transmission and protection of the spinal chord. 

1043. The MOLLUHcous animals were so called from the general 
softness of their bodies, such as slugs, snails (marine, fresh-water, 
and terrestrial), the inhabitants of bivalve [bis, two) and univalve 
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{unus, one) shells, and the many forms of naked similar creatures 
found in the ocean. 

1044. The Artigulata have their bodies composed of a variable 
number of distinct rings, or segments, jointed to each other, such as 
LobsterSy Insects, CentipedeSy Worms, &c. 

1045. The Kadiata are so called from the several members of 
the body radiating from the central portion, as in the Star-fishes. 

1046. Dr. R. E. Orant, of Edinburgh, ofiFered, some thirty years 
ago, a classification of the animal kingdom which should be based 
upon the development of the nervtms system alone. Hence the new 
classification, as compared with Cuvier's, stood thus : 

1047. Cuvier. Orant 
Ybrtebrata, Spini-cersbrata. 
MoLLUsoA, Gyclo-gangliata. 
Artigulata, Diplo-neura. 
Radiata, Gyclo-neura. 

1048. The Oerebro-spinal {brain, ^ne) axis of man, and all 
Vertebrates, originated the expression by which Grant designates 
this sub-kingdom. 

1049. The Mollusca were assumed by this author to possess a 
nervous chord which surrounded the oosophagus, and upon which 
ganglia were placed ; hence Gydo-garhgliaia (circle ; ganglions.) 
The nervous system of Guvier's Articulata is found to consist, pri- 
marily, of a double nervous chord, hence Diplo-newra (two ; nerves), 
but on which ganglia are more or less found. 

1050. The last sub-kingdom, the Badiata of Guvier, presents (in 
the Star-fishes, according to Tiedemann) a nervous ring surrounding 
the oral aperture, but without any ganglion, therefore CycUhneura 
(circular nerve). 

1051. This classification was unquestionably an advance; but 
another man, younger than Grant, and newer to science, desired to 
prove t fie facts upon which the latter system was founded, and this 
man was Owen. 

1052. With regard to the Vertebrate division but little could be 
done — Guvier's characters had covered the ground, and the nervous 
system was found to be arranged on a uniform plan. 

1063. However, in place of the " Spini-cerebrata" of Grant, Owen 
proposed Myalencephaia, as somewhat more expressive, the word 
being derived from mudos, marrow, and egkephalon, brain. 

1054. When the learned professor examined the MoUuscou^ ani- 
mals, he found Grant^s character to fail ; in this class a nervous 
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rinffi beset loiih ganglia, is not found, except in rare cases ; it is a 
nervous commissure (or band) connecting the cephalic ganglia, and 
passing, not around, but behind the cesophagus. Then the pedal 
ganglia (in those molluscs possessing a foot) and the broMchial ganglia 
are variouslj disposed — ^now in one place, now in another— hence 
Owen, with far greater propriety, called Ouvier's Mollnsca, Hetero- 
gangliata {eteros, other ; genos, kind). 

1055. The designation of the next sub-kingdom, bj Owen, as 
compared with Grant, is of less consequence ; and whether we ex- 
press the *' double nerFOus chord '' with Grant, or speak of the sym- 
metrical arrangement of the ganglia in this class, with Owen, who 
calls them, from the latter circumstance, Homogangliata {omes, the 
same; genos, kind), matters not, either expression being equally correct. 

1056. We come to the last division of the animal kingdom, Ba- 
diata of Cuvier, Cydo-neura of Grant 

1057. Owen is content to take the statement of Tiedemann in re- 
lation to the Star-&hes ; moreover, he has a preparation of Asterias 
papposa, in the college Museum, prepared by the hand of the immor* 
tal Hunter, but whether the author designed it to represent the ner- 
vous system (which it certainly does not), or a portion of the vascu- 
lar system (which it assuredly does), is left to conjecture. 

1058. For those animals of the Badiate division in which Owen 
believes a nervous system has been recognised, he proposes the word 
Nematoneura (nema, a thread; neuron, a nerve). But in common 
with many others, he is by no means satisfied that a nervous system 
has been discovered in some of the class of Cuvier^s Radiata; and for 
these he proposes a very significant designation — Acrita, confused. 

1059. The lower animiJs exhibit all the manifestations of a ner- 
vous system, whether it can be detected or not 

1060. It is presumed, therefore, to exist, but under such circum- 
stances that oven the microscope fails to detect it as an independent 
organism — it is diffused or confused, and hence the expression is a 
good one. 
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LESSON LXX. 

NERVOUS SYSTEM, CONTINUED. 

1061. The classification of the three first classes of the animal 
kingdom, especially by the last authority, is undeniably good ; much 
doubt exists, however, as to whether a nervous system really exists 
in any individual of the last (Radiata) or not 
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1062. Jolm Hunter left' a prepttration in liis Hnaeum of Askriaa 
pappoia (a many-rayed Star-fieh] ; a white, delicate ring is seen but- 
rounding the oral (mouth) a^rtoie, from which a series of white 
chords are traced into the several rnys ; this has been assumed, by his 
sncceesors, to be the nerrouB system — Hnnter'a notes, in relation to 
hb preparations, having been destroyed. 

1063. Subsequontly, Tiedemann published a volnahle monograph 
on the Eckitiodermaia (prickly-skinned animals, in which class the 
8tar-fishes are iaolnded]. He gave a description, accompanied by 
beautiful figores, of the anatomy of the common five-rayed Star-fish— 
Asferiaa rufttfrts— and amongst the tissues figured was the nervous sys- 
tem, a copy of which ia appended {Fig. 361). j,^ ^^ 

Here a white ring is distinctly seen snr- 
roundiujK the oral aperture, and distributing 
three branches to each of the five rays. 

1064- He also described the vascular sys- 
tem in the following remarkable words : " The 
vessels which absorb the chyle from the di- 
gestive sae, terminate after a series of reticu- 
late anastomoses, in a circular trunk, which ^orvoimy.iamof iiu-mu- 
likewise receives branches from the radiated coeoa. The venous cir- 
cle communicates by means of a dilated tube, regarded as a rudimen- 
tal form of heart, with an arterial circle surrounding the tnoidh, 
from which branches diverge to the rays, and other parts of the body." 

10G5. Authority is not wanting to confirm the fact that the vascu- 
lar system, so accurately described by Ticdenmnn, is the same structure 
which himself and others have mistaken for a nervous system. 

1066. In the uninjected state of the animal, the vessels are filled 
with vjhiii, coagulated blood, and in roundness, fulness, color, and 
general appearance, accurately simulate nerves. 

1067. From all that is known of the necessities of a nervous 
qratem, it appears to be quite improbable that any such condition 
exists in the animal kingdom as that alleged te belong to the Radiata. 

1068. It is extremely difficult to understand a nervouB syetem, 
consisting only of a series of simple chords— unprovided with a sin- 
gle nervous centre, or ganglion. 

1069. Now a ganglion ia a knot of nervous matter ; a brain of a 
kind ; a centre of reinforcement ; and the probability is that no ner- 
vous system exists, without, at least, one ganglion. If this be true, 
Ae Dcrvons system in the Radiata has yet to be discovered. 

Nerves possess distinct functions : thus, a nerve of sensation has 
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no power to direct or organize motion ; neither is a motor nerve en- 
dowed with sensation. 

A nerve of vision cannot perforn» the fdnction of smell, taste, 
hearing, or touch ; neither can the nerves of one organ assume ,the 
function of the nerves delegated to another organ; each has its own 
duty to perform, preserves its individuality, and is so far dbtinct. 

1070. A nerve and a ganglion, as will be hereafter seen, possess, 
each of them, a peculiar and definite structure, and the only way to 
be sure of their presence is to cut off a small portion, and examine 
it with the high power of a compound achromatic microscope. 

1071. Plants assimilate food, continue their kind, and the lower 
orders of them are even endowed with locomotion ; the Venus' Fly- 
trap, and the Sensitive Plant would seem to offer the indications 
of a nervous system ; so far as is really known, the lower animals 
appear to occupy a similar position with plants. 

1072. From the foregoing statement, it will be advisable to com- 
mence the inquiry into the nature and condition of the nervous sys- 
tem, and its mode of development, in the Articulate sub-kingdom, all 
the individuals included in this section being unmistakably endowed 
therewith. 
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LESSON LXXI. 

NBEYOUS SYSTEM IN THE ABTICULATA. ENTOZOA— ANNELLIDA. 

1078. In the lowest animals of this sub-kingdom, the parasitic 
Entozoay the nervous system is very imperfectly developed, and, from 
their position within the bodies of other animals, but little required. 

1074. In the intestinal parasite Strongylus gigcts, a slender ner* 
vous ring surrounds the beginning of the gullet, and a single chord 
is continued from its inferior part, and extends in a straight line 
along the middle of the. ventral aspect to the opposite extremity of 
the body, where a slight swelling (ganglion) is formed, immediately 
anterior to the posterior part of the body, which is surrounded by a 
loop, analogous to that with which the nervous chord commenced. 
The abdominal nerve is situated internal to the longitudinal muscular 
fibres, and is easily distinguishable from them with the naked eye, by 
its whiter color, and the slender branches which it sends off on each 
side. These transverse twigs are given off at pretty regular inter- 
vals of about half a line, and may be traced round to nearly the op- 
posite side of the body. 
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1076. In ibe Ascaridet, t. dorsal neiroiu chord Is continued from 
the oesophageal ring, doim the middle line of that aspect of the bod; 
eorresponding to the ventral chord on the opposite upeot. 

1076. The nervona system of the Anhillida, or red-blooded 
worms, aa they are commonly called, presents a marked advance be- 
yond its condition in the white-blooded parasido worms; it consists 
of a double median central chord, or ehfun of small ganglions, ex- 
tending from one end of the body t« .the other; the two chords di- 
verge anteriorly to allow the passage of the (esophagus, and again 
unite above that tube to form, a distinct, though small, bilobed ce- 
phalic ganglion. 

1077. Most of the Anneltidas are provided with ocelli (eyes), and 
in many of them the head supports soft cylindrical tentacles (feel- 
ers), called (improperly) atUtnna : they are ^^^ ^^ 
obviously organs of touch, but differ from the 

antenuEB of insects in the absenoe of jomts. 

1078. In this class the nervons system has 
reached a higher type and more constant plan 
of arrangement. 

1079. It always conunenoes by a symmet- 
rical bilobed ganglion, which, both by its situ- 
ation above the mouth and the parts which it 
supplies, merits the name of brain, which it 
has gcDcrally received. 

1080. In the medicinal leech there are sent 
off from this ganglionic centre (Fig. 362, a), 
ten distinct optic nerves (b, b), beddes many 
smaller filaments to the integument and other 
parts of the head ; each optic nerve or fila- 
mtait terminates by expanding upon the base 
of a black eye-speok or ocellus, ten of which 
may be distinguished by the aid of a lens of 
moderate magnifying power, dotting, as it were, 
at equal distances, the upper margin of the 
expanded suctorial lip. 

1081. The principal nerves which arise 
from tlie brain of the leech are what may be 
called analogically the crura, which diverge as 
they deeoend to embrace the oasophagus, and 
are often called the tssophageal chords; they 

., , -...-.11 ncryoii>»7M»moi MO 

then converge and reunite to join the large rnvdiciiui LeacL 
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sab-<BSophageal ganglion (c). From this ganglion the muscles of 
the three serrated jaws, as well as the principal muscles of the oral 
(mouth) sucker, derive their nerrous influence. Those who have 
watched the vigorous workings of this part in a hungry leech, begin- 
ning its feast, will not be surprised at the great development of the 
nervous centre of the suctorial and- maxillary mechanism. 

1082. Two chords, in such close apposition as to seem a single 
nervous band, are continued from the sub-cssophageal ganglion {sub, 
under, beneath) along the middle of the under part of th^ abdomen, 
attached to the ventral {ventre, belly) integument,, and enclosed, as it 
were, by the great ventral vein. Twenty-one equidistant ganglions 
are developed upon these chords, which distribute their filaments to 
the adjoining segments by two diverging trunks on each side. The 
segments indicated by the external circular indentations of the in- 
tegument are much more numerous than the ganglions. A simple 
nervous filament extending from the oesophageal ganglion along the 
dorsal aspect of the alimentary canal, has also been detected in the 
leech, and this forms the first trace of a distinct sympathetic nerve 
as yet seen in the animal kingdom. 

1083. tn the earth-worm (angle- worm) the brain or supnHBso- 
phageal ganglion {supra, above) consists of two lateral lobes, which 
send off small nerves to the proboscis, and the two large connecting 
cords to the sub-oesophageal ganglion. The two ventral nervous 
trunks are more distinct from each other than in the leech, but the 
ganglions are relatively smaller and more numerous, corresponding 
in number with the segments of the body. 

1084. In the Nereis, a marine worm, some species of which grow 
to the extent of two feet in length, the abdominal ganglions are more 
distinctly bilobed than in the earth-worm, and the supra-cesophageal 
ganglion is relatively larger, having to furnish nerves to both an- 
tennsB and ocelli. The pairs of ganglions developed upon the ven- 
tral chord correspond with the segments of the body in number, and 
are very close together. 

1085. In the species which attains the great length indicated, 
Eunice gigantea, the nervous system consists of upwards of 1,000 
ganglia. 

In the Epizoa, the nervous system of Actheres percarum (Fig. 
204) possesses a single cephalic ganglion, placed on the ventral sur- 
face, from which are distributed two principal chords {g, g), extend- 
ing along the under sur&ce of the body. 
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LESSON LXXIL 

ITEBTOnB BTBTEM OF CIBBIPEDIA, AND HTHIOPODA. 

1086. In the Oirripedia {oirrua, a «arl ; pea, a fbot), commonly 
called B&niacles, or Acorn-Rhells, the nerrouB eyBtem is very umple. 

1087. In the Lepas viirea the ceeophagne is anrroanded hy a 
white oral ring, at the sides of whioh are placed the email ganglions 
which supply the first pair of feet The ring is completed below by 
the ganglions of &e second pair of feet. p^^ g^ 

The fifth and sixth pairs of ganglions are 
approximated to each other ; there is no 
cerebral ganglion, bnt filaments are given 
off from the supra-cesophagoal loop to the 
peduncle and sides of the head (see Fig. 
363). Two of these branches pass to a 
small ganglion on either ^de, near the 
stomach, from which the digestire organs 
are supplied; the tabular extensile ttul 
receives the last two pairs of nerves. The 
iienrolemma (nerve sheath) is stained by a 
dark brown pigment in the Lepas vitrea. 

1088. The class Myriapoda (many 

feet) contains the Wood-lice, ItHida (for HtrroniBwtim.LepMtitrea 
which there is no common name), and C!sn- a, Kei-roiu rin^, nimHinding 
iipedes (hundred legs). Both these latter a, «, ptniiil' n^ons ibdomi' 
animals are found at the roots of trees; &,<,'rfIft''/o^iuigi[a,»dnniyiii« 
the lulus is about an inch in length (in ''"™' ** "" ""' '' 

this country), the body very round, covered by a brittle, black, shin- 
ing skeleton ; its legs numerous, having two pairs on each segment • 
of the body, and remarkably short. Some species, if touched, throw 
themselves on their side, and curl into a close ring. 

108d. In these animals the condition of the nervous system is of' 
much general interest In them the corresponding ganglions of the 
abdominal chords ore much loss conspicnous than in the earth-worms, 
and the whole central axis of the nervous system, continned from the 
brain, is almost as devoid of partial swellings as the spinal chord of 
the apoilal (without feet) vertebrates. 

1090. A figure of the brain and chief distribution of the nerves, 
firom an original preparation of Inlus, is shown at Fig. 864. 

1091. The cephalic ganglion (a) of the Inlns, is transversely 
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el(«ig&tecl, and otMonrely divided by a slight mediaa iudenUtioit into 
two ude-lobes ; ita upper and latter extremitieB are prolonged out- 
wards into the optic lobes (c, c), which resolTO themselves half-way 
towards the compound eye into a plexus of filaments (opijo nerres) 
for its several divisions. Two separate antennal nerves, conjeotured 
by Straus Durcheim to be motory and sensory (d, d), are sent off on 
each side below and in front of the optio nerres to the short, seven 
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jointed antenoie. On each side, also, bat below the antennal nerves, 
arise the two nerves (b), united together by an ausstomosing branch, 
which supply the mandibles. 

1092. The thick oesophageal chords (^) are continued from the 
posterior and inferior angles of the brain ; and, though apparently 
simple, consist essentially of two chords, which become separate at 
the lower part of the pharynx ; the anterior chord ^rta the pharynx 
by a transversely oval ring, formed by the confluence with its fellow ; 
the posterior and normal columns converge, at an acute angle back- 
. wards, blend together, and expand into the oommenccmcnt of the 
abdominal nervous trunk; Uius enclosing the oesophagus by a second 
and looser collar. 

1098. The Htomato-gastrio, or sympathetic nerves {/), which 
arise from the posterior part of the brain, immediately form a third 
slender ring (e) about the oesophagnB, from the middle of the upper 
part of which the trunk of the sympathetjo system is continued a 
short way baok upon the stomach, when it divides; the two divinons 
diverge at an angle of 45°, bend abruptly backwards, and run parallel 
with each other along the dorso-lateral parts of the vride and strugfat 
alimentuy canaL 

1094. Two largo nerves (A) are sent forwards from the beginning 
of the thiok anb-<B8ophageal or ventral chord (t), to Biq)ply the max- 
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iUn, which tona the under lip ; the nerves of the two tingle pairs of 
feet, belon^g to the thoracic eegments, next uiee, and aflerwardd 
the nwre numerona minate nerres to the little feet, which, bj their 
articulation to the s^menta in doable pairs, indloate y^^ ^^ 
such BCgments to be merely a confluence of two eeg- 
mente. The simplicitj of the abdominal chords cor- 
responds with the close approximation and great num- 
bers of the organs from which thej receive impres- 
uons, and to which thej transmit stimuli. 

1095. In the Polydesmoa maculatua {spotted), 
(Fig. S65), the segments are fewer and larger than in 
the luloa, and their lateral margins are produced; 
each, however, with the exception of the first three, 
which answer to the thorax in insects, supports two 
pairs of legs — but these are longer than in the lulus. 

1096. The abdominal nervous chords show as lit- 
tle trace of their median separation as in the lull, 
swelling into two slight enlargements (a, a) opposite 
each of the abdnmlnal segments; two nerves are sent 
off from cither side of each enlargement, and the an- 
terior of these four pairs of nerves is directed at an porUonninervon* 
acute angle forwards and outwards to the stigmata ; ^lu ™Bi»tMr 
it is deubtAil, however, if these be nerves — analogy 

seems to indicate that they are arteries ; the remuning ptura supply 
the muscles of the segment, and the legs, and are of equal size. 

1097. In the Centipede (Scolopendra), a series of equal and equi- 
distant ganglia is developed upon the ventral sorfaoe of the two ab- 
dominal chords. Only in the first and last of the abdominal gangli- 
ons can any modification of siie be detected. The anterior or 
sab-«eBophageal ganglion is larger than the rest, having to supply 
the modified 1^ which perform the function of jaws add uuderlip ; 
the chords diverging aa they escape on each side of the oesophagus, 
enclose it by uniting with the large bilobed brain above. The nerves 
from this part (the brain) supply the large anteuue and the aggre- 
gated ocelli ; in other words, the organs of special sense. 

1098. Even in animals so low in the scale of being aa the class 
Myriapoda, we find the full recognition of the leading physiological 
divifflons of a nervous system in the higher animals. 

1099. Thus the supra-oescphageal ganglion or brain in these crea- 
tures, so far corresponds with the oerebrnm of Man, that it is sub- 
servient to the fiinctioQS of the special organs of sense, and is the 

16 
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centre whence yolnntar j impulse may be directed along the non- 
ganglionio tracts of the nervous axis, and to which ordinary sensa- 
tion may be transferred by similarly uninterrapted nervous filaments. 
So, too, we find the function of the cerebellum simulated by the large 
8ub-<Bsophageal mass, which originating the nerves analogous to the 
fifth pair in man, and the higher mammalia, for the masUcating 
organs and other parts of the head, may be regarded as analogous to 
the base of the brain. 

1100. The stomato-gastric (sympathetic) nerves, complete this 
complicated system. 
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LESSON LXXIII. 

ISEBVOUS SYSTEM IN CRUSTACEA. 

1101. In the numerous and diversified class of Grusiaeea, every 
condition of the nervous system is met with, from that of the lowest 
Annellide, or the earliest larval state, where scarcely a filament is yet 
perceptible in the place of the nervous columns, to that concentration 
of the nervous ganglia around the cdsophagus, which connects the 
highest Articulata with the MoUusca. 

1102. The supra-oesophageal ganglia (brain) are generally larger 
than those of Arachnida, and smaller than those of Insectd; they are, 
for the most part, united into a single cerebral ganglion, devoted 
chiefly to the large organs of the senses, and their nerves unite with 
the sympathetic, as in Insects. 

1103. The ganglia of the cephalo-thorax (head-chest, which in 
these animals is soldered into one piece) vary much in their number, 
magnitude, and degree of approximation, according to the form of 
that part of the trunk, and the siie of the several pairs of legs. 

1104. Many of the lower Crustacea have the segments nearly 
equally developed from the anterior to the posterior extremity of the 
trunk, and this equal development is seen also in the nervous co- 
lumns and ganglia of these segments, as shown in the subjoined figure 
of the nervous system of TalUrus loousta, or Sand-hopper, so com- 
mon on the sea-shore (Fig. 366). 

1105. The slender longitudinal columns, and the minute ganglia 
along their course, here remain distinctly separated from each other 
by a small space on the median plain ; the ganglia are nearly of the 
same size frt)m the first pair (a), above the oesophagus (i), to the 
caudal pair (c), and the pairs are almost equidistant along the whole 
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trnnk, in a lonptndinal di- ^"•- ** ^^- *"■ 

reetioD. 

1106. The Bune form of 
die nervous columns ia seen 
in the highest Crnstaoea, 
whQe yet in their embryo 
condition in the OTum. In 
the short and broad trunk 
of the Oymathoa, where the 
legs are still equally devel- 
oped along the sides of the 
body, the nervous oolamos 
(Fig. 367) have already ap- 
proximated to toncb each 
other on the median plane, 

and the ganglia on the two Harvoni tjatm or aw 

sides have ooalesoed to form 
a single chain along tiie mrvoiu >y>um ot 
middle of the abdominal piuiLg ^^lu; ft, tK- 
surface of the body. The S'S^iL "• 
ganglia are still nearly equi- 
distant, and equally developed along the columns; but where the 
minute posterior segments occur, the ganglia are closer j. „ gg^ 

together and smaller in bikc. The transverse concen- 
tration of the oolumns and ganglia towards the median 
phun, thus seen in the lowest Crustacea, U succeeded 
in higher species by a lon^tudinal movement of the 
nervous mattn, diracted, as we have seen in inferior 
classes of Artioolata, cjiiefly to two points of tlie body, 
the head and tiie thorax, from which the largest and 
most important appendices of the body, whether for sen- 
sation, mastioation,or progreedve motion, are developed. 

1107. In the long-tuled Crustacea, as the Lobster 
(Attaeui man»ui),Cray-fish {AttaeusJltiviatUis),^aot 
only is the sympathetic system of nerves derived from 
the lateral ganglia of the stomach, bat the ganglia 
and oolumns have coalesced and met transversely 
along the whole body ; in the r^on of the thorax, 
from which the five purs of large extremities are de- 
veloped, the ganglia have enlarged in ai« above those 
of the post-abdomen, and considerably approximated 

to each other in a lon^tudinal direction (Fig. 368). ^StiJ^t!' 
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In the lugheT Artionlita tbe segments first ooileaoe on the anterior 
and posterior portions of the trunk, and henoe the enlarged jbrm 
presented by their oephalla and caudal ganglia, independent of tbe 
great siie often attkined by tiie appendices developed from the 
terminal parts of tbe body. 

The cepbalio ganglion is shown at a, and this, together with 
tbe ganglia which snooeed it, down to i, is of krger sise thaa the 
abdominal ganglia, with tbe exoeption of the last (c),) which in this 
fi)rm of the nerrona system always attains increased sise. 

1108. The most concentrated form of tbe nerrons system met 
with in the Grostaoea, is that found in the short and broad tmnks 
of the Crabs (Fig. 869), where all tbe symmetrical ganglia of the 
ColnmuB are collected into two masses, the one in the head, and 
tbe other in the centre of tbe cephalo-thoraz ; the sympatbetie nerves 
P^^ g^ are confined to a nervons band around 

the wide cesophagns. Tbe suprvmeo- 
phageal ganglion, or brain, is compara- 
tively small in the Crabs, frvm the 
smallnesB of tbe oefAalio appendioee, 
which it sni^lies with nerves. 

1109. Tbe infiraHBBopbageal mass 

is of great siie, consisting of the whole 

chain of ganglia, which waa originally 

eitended aloi^ the body behind tbe 

teeophagas, Aiaed into one masL It 

sends ont numerous bnncbes to tbe 

Bammnding viscera, and to the five 

H«Too..jrt«n.o»b. pairs of legs whioh.radiate from wound 

that point, and tbe oolnmns are prolonged backwards, ramiQing along 

tbe short slender post-abdomen, aa a simple Dervons duud. 



LESSON LXXIV. 

HSBTODB ST8TE1I IB tnSKOTS. 

1110. In Insects tbe nervons system differs chiefly from that in 
the Myriopoda in having its primary divisions more definitely devel- 
oped, and in manifesting degrees of concentration corresponding with 
the increase of bulk and strength in particular parts of tbe trvnk, 
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and in the locomotive organs appended thereto. Most Insects, how- 
ever, commence their career as worms ; the high form which they 
are nltimately destined to attain in the articulate series, is at first 
marked by the goise of a red-blooded worm. 

1111. The larvao, which present larger and more perfect seg- 
ments, most of which are provided with legs or prologs, have a gan- 
giionio centre for each segment, and intermediate chords. 

1112. This worm-like type of the nervous system can be seen in 
any caterpillar, and an illustration is given (Fig. 370) of the nervous 
system of the larva of the Goat Moth, Oossus Ugnipmrdd — ^immor- 
talised by the wonderful dissections of Lyonnet, aqd the engravings, 
by hb own hand, which gave effect to his labors as an Entomotist 
(one who dissects insects). 

The abdominal nervous columns of insects have been regarded 
by Lyonnet, Straus, Dufour, and Chiaje, no less than by modern au- 
thorities, as analogous to the brain and spinal chord of vertebrated 
animals. There are at first thirteen pairs of approximated ganglia, 
corresponding with the original segments, and extending along the 
middle of the ventral surface of the body, and the ossophagus passes 
downwards, perforating the connecting nervous columns between the 
first and second pairs of ganglia; in other words, the oesophagus in 
insects passes through the centre cf the divided brain ; the first 
pair of ganglia, therefore, are ^iipro-coeophageal {above the oesopha- 
gus), or cephalic, and all the succeeding ganglia of the columns are 
beneath the alimentary canaL 

1113. The ganglia, at first like those of the worm and centipede, 
are nearly at equal distances, and of equal size, like the segments 
themselves of the young caterpillar. The columns and ganglia, orig- 
inally separate (see Fig. 366, of the nervous system of the Sand- 
hopper, which, although a lowly crustacean, illustrates this point,) on 
the two sides, early approximate transversely, and imite, and a slow 
movement of the ganglionic matter is at length observed in a longi- 
tudinal direction. These transverse and longitudinal movements 
of the nervous matter proceed to a very variable extent, according 
to the degree of metamorphosis from the larva condition, to which 
the individual is subjected in the various adult forms of this daas. 
In insects, as in the Myriopodsy the first and second pairs of ganglia 
are contained within the head, and constitute, together, the brain; 
the succeeding pairs are generally placed near the anterior limits of 
the segments to which they belong. The third pair of ganglia 
placed in the prothoraa (first division of the chest) appear to be 
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generally smaller than the fourth; and the fifih, in the metoihorax 
(middle diyision of the ohest)) smaller than the aixth^ oontained in 
the metathoraa (last division of the cheat). 

1114. The ganglia oontained in the abdomen, like the segments 
of that part of the body, are generally the least altered by develop- 
ment from their primitive condition; in the CohapUrtna insects 
(Beetles)^ however, the majority of them become obliterated in the 
progress of development, and the like occnrs in many of the Hiemip- 
iera (Tree bogs). The last pair of ganglia are generally the first 
to advance forward and unite with the penultimate pair in the larva 
state. 

1115. In the larva of a Leptdopteratis insect (batterfly), the co- 
lumns are lengthened, and the cephalic ganglia widely separated to 
allow the oesophi^us to pass between them. The first of these ganglia, 
equivalent to the cerebrum of man, gives off the nerves for the sup- 
ply of organs of tpeciai sense ; these amount in caterpillars to eighi 
pairs, in addition to the nerves which connect the upper with the 
lower part of the brain ; the latter are called the erurck They like- 
wise give off filaments to the small lateral ganglia (c) of the head, 
and to the commencement of the sympathetic series of ganglia 
(Fig. 370). 

1116. Between all the succeeding pairs of ganglia, a solitary 
branch is seen coming throng the loop formed by the division of the 
chords in the upp«r part, of the figure ; it divides into two branches, 
one passing to the orifice of the spiracle (breathing mouth) on the 
rig^t side, and the other to the like organ, on the left. These 
branches invariably come off above the ganglia. 

1117. Ninety years ago these structures were described by Ly- 
onnet, as motor nerves, and the fact that their ramification was dis- 
tributed to the muscles employed in respiration, finvored this opinion. 
The opinions of Lyonnet were adopted and maintained by all suc- 
ceeding authorities, but 

1118. In the Limtdus pclyphemue^ or King Grab, found in con- 
siderable numbers on the Jersey coast, the heart agrees with the 
figures given of the heart in Insects, «. 0., a straight vessel, from the 
anterior chamber, terminating in ihree veeselsy two of which are later- 
al, and deseend down to the nervous ring surrounding the ossopha- 
gus, the middle one being lost in the head : thence a branch passes 
along the dorsal surfooe 'of the ganglionic ventral chord, invariably 
giving off branches in front of each ganglion, — in fiust the motor-*- 
and as some authors have designated it, ret^aiary tract of Insects. 
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If a small pipe be tied in tbe heart, and isjection (size colored 
with vermilion) be thrown in, these so-called nerves will be demon- 
strated as arteries. If the same experiment be made from the heart 
(dorsal vessel) of a caterpillar, the like results will be obtained, and thos 
establish the trae character of this stractore in Insects, Myriopods, 
and the lower Crustacectj and demonstrate beyond all doubt that the 
so-called motor, and respiratory nerves, in all these animals, are a 
system of arteries. Being always filled, however, with white, coagu- 
lated Hood, in death, the main trunk from which the branches are 
distributed lying upon the upper surface of the gangliated nervous 
chord, and exceedingly minute and attenuated in structure, they 
much more resemble nerves than ai-teries. 



»♦» 



LESSON LXXV. 

KEBVOTTB SYSTEM OF INSEGTB, OONTINUED. 

1119. The individuals composing the articulate sub-kingdom 
have their bodies divided into a series of more or less distinct rings, 
or segments, arranged in a linear seriea This disposition is more 
apparent in those animals which exhibit lowly organization, that 
is to say, the Worms, Myriopods, and the larval condition of In- 
sects. 

1120. Carefully examined, it will be seen that in structure, in- 
ternally, these segments present merely a repetition of parts, and 
this statement is equally true of the nervous system. 

1121. In the centre of each segment of a Centipede, or a caterpil- 
lar, a nerve-knot or ganglion is invariably found ; from this nervous 
centre the muscles of the segment obtain their supply of nervous im- 
pulse ; the only exception to this rule is in regard to the superior 
portion of the brain — ^the supra-OBsophageal ganglion — ^where we find 
the nerves solely distributed to the organs of special sense, and to 
the development of the frontal ganglion, from whence the sympa- 
thetic nerves arise. An illustration is given of the nervous system 
of the caterpillar of the Goat Moth, Cossus ligniperda (Fig. 370), 
copied from an original preparation. 

1122. The bilobed ganglion, having a long transverse diameter 
(a), is the supra- oesophageal ganglion, or brain ; the nerves dis- 



umtii. FHTsiOLOOT. [lesson 76. 

T'o- 810. tribnted from tbia portion of 

the nerv6iia ajstem are giyeo 
to the organg of rieioa, feeling, 
tute ; sapplying all the organs 
devoted to special aense. Two 
branches arise from the anterior 
(front) portion which terminate 
in a small ganglion, from which 
a delicate nerre arises. 

1123. This nerve reiurm, 
as it were, and was hence called 
b; its discoverer, Ljonnet, the 
rurvut recurrent, or racurrent 
nerve ; it is dlstribnted npon 
the OBSophagas and stomach, 
where it terminates : this is the 
stomato-gastrio (month stom- 
ach), or sympathetic nerv& 

1134 The aaperior portion 
of the brain ia connected with 
the inferior or sub-eesopbageal 
ganglion (b), bj a pair of nerv- 
ous chords, widely separated, 
to admit the cesophagos (d), or 
gnllet, which passes through 
this divided brain. The great 
necessity for such an arrange- 
mcnl of the nervous system in 
any animal, fey which it is ren- 
dered imperative that the ali- 
mentary canal should psM 
through the oentre of the brain, 
is, that the superior portion of 
it (the brain) must necessarily 
be always placed in the vertex, 
to supply the organs of speoial 
sense with nerves. The mus- 
cles of the jaws, &c., receive 
their supply of nerves from the 
inferior surface of the brain, 
«rniu ayBtria of CoHiu iigsipetdi. which, by the coutrivanoe re- 
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sorted to, is on the same plane ; and lastly, the protection of the 
bulk of the nervous system requires it to be transferred from the 
dorsal to the ventral surface. 

1125. From its function of distributing the nerves of sense, there- 
fore, the brain requires to be placed in the superior part of the head, 
adjacent to the organs which it is destined to supply with nerves. 
For a like reason (proximity to the structures to be qapplied with 
nerves), and, as stated in the preceding paragraph, for superior pro- 
tection, the remainder of the nervous system is placed upon the ven- 
tral surface of the body, and this could only be accomplished by di- 
viding the brain, and transmitting the alimentary canal through the 
space thus formed. * 

1126. All the nerves which arise from* the base of the brain are 
motor m their function, and they are, therefore, distributed to the 
muscles of the jaws. Nerves arise from the lower surface of the 
sub-oesophageal ganglion, one on each side, which terminate in a 
minute ganglion {c) called lateral ganglia ; from these a few delicate 
nervous twigs arise, which are distributed to the muscles of the 
throat. 

1127. The first thoracic ganglion {e) is near the base of the 
brain ; its nerves are distributed to the muscles of the segment to 
which it beloDgs. 

1128. The second (/) and third (%) thoracic ganglia are remark- 
able for their increased size, and the chords connecting them for 
their great divergence. Between the loops thus formed a branch is 
seen descending from the inferior surface of the ganglia respectively 
(^, ^), and giving off a branch right and left. 

1129. This structure is continued throughout the entire nervous 
system, the branches being invariably given off above the ganglions. 
By careful dissection their ultimate branches may be traced to the 
muscles of the respiratory organs, and hence they have been thought 
to constitute a distinct respiratory tract, combining a motor func- 
tion. They are not such, however, but simply a system of arteries, 
and these are the vessels which have been injected from the heart in 
Insects, and in the Limulus, as already described. 

1130. The remainder of the nervous system is simply a repetition 
of what has been already described, until we reach the terminal, en- 
larged ganglion {1c), This is called the caudal (tail) ganglion, and 
is formed by the junction of the 11th and 12th ganglions. 

1131. The most important portion of the nervous system of any 
animal is the hrain^ and we present a much magnified view of that 
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organ as it ftppeara in the same Caterpillar (Fig, 371), and the fol- 
lowing is the description of the nerTes proceeding from it, voA tiie 
organs to wtiich the; are distributed : 



Bi*Iii of* C>t«rpll)>r (Couna Ugnlperd*). 
A' CenliniTD, «ip«rioT p'>Ttli>n of the bnln. 
B, Ceretwiliiia. Inlbrior portion of Uh tinta. 
a, a. NerTH ol the sth. 
», ». or at imtaniiB. 

a Gordpualn^ iiroQDdIhe OAoph&gnK. proeeAdlng from thfl ce 
d, d. Con) CDnuectbu the carebmrn AUd mtilHllaiU. 
(,& NerveiortbomudlbloKiinuorlawi). 
// NsriMof th8in»slll»(iiii^i^r>w.). 
B, g. Second eonnectjog nerve of the nnder lip, of vhleh th« nem of the nindtbU U i 



ond nerra of the ILp, (r, ff, 
M of tb» oppar ivn ud uEeniuB. 



P, P. NerreeoTtbei 

H. K. Ktrrei that dlitrlbnt* themMlTt* >t tha n«Urior poRbm of tfa* (knlL 
e. a. Narree of tha miuclu of Uie neck, which pmu Into the thorn (oheat). 

nd flnt thoruH gmUlloii. 

B two bruohas, £, £> whence the BympAthetlc 

1132. It would be easj' to present a fiirther and more enlarged 
view of the Cerebrum, chieflj for the more perfect demonstration of 
those parts which are somewhat obsonre, from the oomplexit; of the 
preceding figure, bat want of ^lape forbids it. 

1133. It has been shown that in the larval condition of an insect 
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the ganglia are remukably sfnunetrical, vitli the exception of the 
bnun, «aoh haTing to ewpplj preoisel; the same nerree to the lilca 
oiganio stmotiires. 

In the perfect inaeot, however, it is found that gieat absorption 
has oconrred of ganglions no longer required, and p,^ g^ 

ft florresponding depoution of nerrons matter, to 
inerease the size of oortoin ganglia whose infla- 
woe is impentive. In illastrattoa of this fact, 
the nervous ajatem (in dtn, Fig. 372), of the 
natural size, is offered from the Blatta Ameri- 
cana (Amerioan Cockroach). Here the abdomi- 
nal ganglia (li) are minimized, and the thoraevj 
ganglia are largely but tmeqnally developed. 

1134. From these nervous centres it is that 
the large and poweriul superior (wings) and in- 
ferior locomotive organs (legs) obtain the nervous 
influence necessary to the peTfonnance of their 
functions. The first thoracic ganglion (a) having 
only to distribute nerves to the smaSui pair of 
legs, ia the least in size; the second thoracic Nervoiu lyitem of ihe 
ganglion (o) has to supply not only the interme- AshiIcuu. 

diate pair of legs, which are larger, but the guperior organs, which, 
whilst they afford protection to the true wings, are also engaged to a 
limited extent in the action of flight 

The third, and last thoraoio ganglion (c), is required to give im- 
pulsion to the last and very powerful legs, at the same time that it 
does the like to the real oi^ans of fli^t — the wings. Here, there- 
fore, we see a greatly increased siie in the nervous centre, especially 
devoted to this function. The abdominal ganglia (<j) supply the 
muscles of the abdomen only, and are minute and nnifoim in site. 



LESSON LXXVI. 

irXBTOUS BTSTEU IN iLKA.OHIin)l, 

1185. The nervous system in one class of articulate Animals yet 
remuns to be examined, the Arachnuia. The class contains the 
MiUa, Soorpiona, and Spiders, and has usually been placed by natu- 
ralists below the Orutiaeta, and between it and Insects. 
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1186. These animals present a more oonoentrated form of the 
nervous system and of the heart than the animals previously exam- 
ined; the larger species likewise offer a higher condition of the 
respiratory system, which is less diffused than in Insects, and in some 
consists only of air sacs, or lungs. 

1137. But the most essential mark of the superiority of the 
Arachnida is the course of their development The spider under- 
goes no metamorphoses comparable with those of insects. It is at 
no period of its development an apodal (legless) worm. 

1138. The head is always, in the Arachnida, soldered to the 
chest, which thus forms the cephalo-thoraz before alluded to ; it is 
also deprived of antennsB. 

1139. They all have /our jpairs of Ugs^ which of itself forms an 
important characteristic ; thus, an Insect is divisible into three chief 
portions of its body, head, chest, and abdomen, to which neither 
more nor less than three pairs of legs are superadded. 

1140. The Crustacea, like the Ara^Jinida, are divided into only 
two portions, head-chest and abdomen, the legs being never lees than 
five pairs, and frequently a greater number. 

1141. The majority, but not all of these animals, are, like the 
Insects, air-breathing ; to this rule there are, however, some excep- 
tions amongst the Mites, and certain Spider& 

1142. The 3f%tes, as their common name imports, are exceedingly 
minute ; many of ihem, too, are parasitic. 

1143. Man is the victim of two species of them, one the Demodex 
foUicidonan (Figs. 245~'6-'7), bemg by far the most minute that 
has yet been discovered, and the other is the Aoarus soabisBi, or 
the itch animal 

1144. That most loathsome of all diseases .which afflicts humanity, 
the itch, and the mange in dogs, are both caused by the presence of 
a microscopical mite ; the species, however, in man and the dog, differ. 

1145. The animal which afflicts the human fiunily is known as the 
Acarus scabian, or by its more modem name of Sarccptes galeL 
An illustration of this animal is given (Fig. 248). 

1146. This disease never occurs in any but very dirty people; 
through unpardonable neglect of washing the skin, the accumulation* 
of matter constantly being thrown off from its sur&oe, produces 
disease, and this disgusting parasite, when all other means are 
neglected, comes, as a physician, to effect a cure ; this process is, 
however, generally a lengthy one, until the aid of a physician of 
another kind be invoked. 
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1147. Prom their remarkable minateiieBs, wo hare no direct 
testimonj in relation to the condition of the nervous Bjstem in tlie 
JfHtet ; bat in the Scorpion we find the principal masses or ganglions 
oonoentrated aronnd the <B90plugua in the cephalo-thorax. 

1148. From the small bilobed cephalic man are sent upwards 
the optic filaments, in front the nerves of the large foroipated claws, 
and, backwards, the sympathetic nerves ; the snb-vBophageal gan- 
glionic colnmns distribute nerves to the great under jaws, and to the 
four pairs of thoracic legs ; two slender continuations of the double 
oolnmns are continued along the jointed abdomen, or tiul, and seven 
small ganglions are developed upon them, from which nerroua fila- 
ments are distributed to the flurronnding parts. 

1149. In Spiders the oentrat masses of the nervous system are 
wholly, or in great part, oonoentrated in the oephalo- thorax. The 
bnun is a bilobed gan- j,^^ ^^ 

glion (Fig. 378, c), send- 
ing forwards and up- 
wards the optic nerves 
(o) from its anterior 
angles, and below these, 
the two large nerves (m) 
to the mandibles; a short 
and thick collar encloses 

the narrow gnllet, and Kerroo. .jit™ of Bp(d«. 

expands into a seoond very oonsiderable stellate or radiated ganglion 
(s) situated below the stomach ; it sends off five principal nerves on 
each side : the first (j>), to the feelers of the under jaw ; the seoond 
0, to the feelers of the under lip ; the three posterior nerves supply 
the remaining legs. 



LESSON LXXVII. 

HISTOUa BTBTBM DI THE MOLLUSOA. 

1150. The nervous system in these ^nim*!* is arranged on a to- 
tally different plan from what we have seen in the Articnlata. 

1151. In contradistinotion to the nniform system of arrangement 
of the nervous system, so constantly displayed in the latter anh- 
kingdtnn, tlie Mollusca are remarkable for the nnsymmetrioal form of 
its development. The cephalic ganglia, when two in number, are 
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separated bj an interral of spaoe, and oonneeted by a nervons chord 
which paases behind the cesophagus. 

1152. In the Articolata we fonnd the alimentary canal inyariably 
transmitted -through a nervous ring which surrounded it ; thence the 
remaining ganglia were periodically developed at stated intervals 
upon a double nervous chord, extending in the direction of the long 
axis of the body. 

1153. In the MoUusca the ganglia are always connected by a sin^ 
gUy not a doublsy chord ; moreover, the number and disposition of all 
except the cephalic ganglions, is extremely variable, and of these 
only one is met with in the lowest animals of the class. 

1154. Again : in the Articulata, the advance in the development 
of the nervous system is most conspicuous in the organs peculiar to 
animal life, and is chiefly manifested in the powers of locomotion, 
and in the instincts which are so various and wonderful in the class 
of insects. 

1155. In the MoUusca, on the contrary, the organizing energies 
seem to have been chiefly expended in the perfection of the nutri- 
mental series of organs, and of those concerned in the immediate 
preservation of the individual and of the species. 

1156. The MoUusca are so called on account of the uniformiy 
soft, unjointed nature of their external integument. 

1157. In a large number of the lower organieed MoUusca, there 
is no head, and no nervous centre is needed above the gullet for the 
reception of the impressions received by special organs of sense. All 
other MoUusca are provided with a head, which generaUy supports 
feelers, or soft tentacula, eyes, and a mouth armed with jaws. 

1158. Amongst the lowest of the moUusoous animals, is the class 
Tunicata ; in these creatures the nervous system is more rudimen- 
tary than we have described it; only one ganglion has yet been dia- 
covered, from which the filamentous nervous system is distributed 
throughout the body. 

In Cynthia pupa (Fig. 253) the nervous system consists of a sin- 
gle ganglion (n) connected to a nervous chord which surrounds the 
respiratory orifice (a). Fine nervous twigs are distributed to the 
large vibratile organs, and a chord (d), of more than ordinary di- 
mensions, commences at «, and passes down, without distributing 
branches, to the bottom of the sac, where it is lost 

1159. The second order of the class Tunicaiay includes the ScU- 
jyUms, which float in the open sea, and are dharacteriaed by their 
transparent elastic outer tunic, whidi is elongated, compressed, and 
open at both extremities. 
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1160. The muaouUr fibres of the cloak, or mantle, are arranged 
'id flatteneS bands (Fig. 374, 0, a). The month and stomaoh, the liver 
and the heart, are aggregated in a small massnear the posterior aper- 
ture of the tnnia (d) ; the iatestioe (c) extends towards the opposite 
upertare (a), and ternunates in the common oavltj of the mantle. 
The brain uid nerroua system are seen &t /. 

1161. In Sedpa pdlycratioa (Fig. S74), the nerrons system will 
be found beautifully developed, of which an enlarged view is {^ren in 



Fig. 375. The word S(dpa is Greek, and means a smalt fish; peiy- 
erotica — pUy, much ; oratica, tiom kratos, strength. 

By reference to the figure it will be seen that the nervous system 
consists of iwo hbn, or ganglia, not separated by an interval of 
space, but lying one upon the other. AH the nerves are, without any 
exception, distributed from the larger lobe, which is the equivalent rf 
the base of the brun, or infra-fBsophageal ganglion (5), and are dis- 
tritrated to all parte of the body ; the analogne of the supra'CBsopha- 
goal ganglioD (a) sends off two branches at right angles, which ter- 
mifiate in expanded lobes (e, c). Nerves are not given off from this 
latter lobe, umply because the creature is deetitate of organs of 
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special sense, aud this portion of the brain may be considered as ru- 
dimentary. So, too, the transverse lobes (c, c), which form, in all 
probability, the elements of organs hereafter destined to become 
Optic lobes. It is carious, however, to observe that whilst the por- 
tion assumed to be the supra-oesophageal ganglion is uniformly very 
dark in color, perhaps caused by a dense aggregation of ganglion cor- 
puscles, the lateral lobes are conspicuous for the great number of these 
corpuscUs they contain, which may be distinctly seen in the figure. 

1162. From this remarkable condition of the nervpus system, it 
appears highly probable that the Salpa, as such, is simply in a tran- 
sition state, and it may eventually happen that, when we have culti- 
vated a more perfect acquaintance with it, it will be found to pro- 
gress to another form, and a higher state of development 
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LESSON LXXVIII. 

NEEVOUS SYSTEM IN THE BSAOHIOPODA. 

1163. In the Brachiopods {brachion, an arm ; pot^, a foot), a 
class of MoUusca which anciently existed to an immense extent dur- 
ing the secondary period, and are found most abundantly fossilized, 
but now restricted to three Gknera, i. e.y lAngula, Orbicvla, and 
Terebraivla, we have animals of great physiological interest. 

1164. In TerebratvUa Austrcdis, only one ganglion is found, as 
in the Tunicata, from whence the nerves are distributed to the vascu- 
lar mantle, the strongly ciliated arms (from which the class obtains 
its name), and to all parts of the body. It b very difficult to find 
this ganglion, and for a long time it eluded detection; it is beauti- 
fully displayed, however, in a preparation, a copy of which is repre- 
sented at Fig. 377, a. 

' 1165. The Terebratula lives at a great depth in the ocean — not 
less than from sixiy to ninety fathoms ; for security, it attaches it- 
self to submerged rocks, by means of a strong pedicle which projects 
through a hole in a beak-shaped prolongation of one of the valves. 
All the individuals of this class are bivalves. 

1166. The dorsal layer of the mantle (Fig. 876) presents a very 
interesting spectacle. At the upper surfiEMse two pairs of very short, 
powerful muscles (a, b) may be seen, for the purpose of closing the 
valves. These muscles are somewhat triangular in shape, and ter- 
minate each in a short, strong tendon, of great beauty, situate at 
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their sninmit A large sod Tery CKpbaotu rein (a, e) nma through 
emoh side of the mantle, vhioh divides into a great nnmber of smaller 
branches, distributed to the outer edge of the mantle. In the centra 
of each of these reins, an artery (#, t) ia distiibnted, and ramifies 
ererywhere npon their Hor&oe. In addition to the raaoolar f^stem, 
nerrona filaments (/ ) are extensiTel; distribated ; they are given to 
the muscles, and pass directly throngh the mantle to its edge. The 
Pio. 8HL 
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sexes are distinct in Terebratola; thns the Orarinm, filled with eggs, 
is seen at g, and the eztemaJ thickened margin of the mantle at k. 

1167. Havmg to breathe nnder snoh an enormoas weight and 
presBore of water, something more than tlie ordinary form of re^>i- 
ratory apparatus becomes essentially neoesaary. 

1168. There are no special organs of respiration in these ani- 
mals J that Amotion appears to be performed by the mngnlarly rason- 
lar mantle, but accessory thereto is, donbtlese, the very powerfiil 
arms, 'with the no less powerful ribratile dlia. By their action, the 
auHaces of the mantle are kept cosstantiy laved with water few re^ 
{nration, and as the fluid always makes a oircoit in one uniform di- 
rection in this,^ in other bivalves, the food which is oontuned in it 
is conveyed to and appropriated by the month, which is abnndantiy 
supplied with its own vibratile organs for that purpose (Figs. 256 and 
257, a, a). 

17 
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1169. Each ami extends outwards, adyanoes forwards, curves 
sliglitlj inwards, and bends abruptly back upon itself, the two parts 
of the bend being connected together ; then the stem again curyes 
forward, and becomes united to the corresponding bend of the oppo- 
site arm, the conjoined extremities describing spiral couTolutions 
turned towards the dorsal valve ; the bent portions of the fringed 
arms are supported by slender and elastic calcareous processes. In 
all the Brachiopods, tbe stem which supports the brachial fringe is 
hollow. 

1170. In the TerebratuicBy and OrbiculcB^ the spiral terminations 
of the arms have their central canal surrounded by a double oblique 
series of muscular fibres ; the canal is filled with fluid, and, by the 
contraction of the muscular fibres, the extremities are extended by 
the pressure of the contained fluid which is injected into them. 

1171. The structure of the alimentary canal, and it^ accessory 
appendages, have been described in their proper place (p. 159). 

1172. So, too, the organs of circulation, consisting, as tome au- 
thors (Owen) have supposed, in a heart placed on either side of the 
alimentary canal, from whence the blood is distributed to all parts 
of the body, especially to the vascular mantle. The probability that 
these views are erroneous has been already stated (p. 158). 

1173. In the nef vous system of Terebratula, we find a nervous 
collar, with only one ganglionic enlargement, surrounding the oeso- 
phagus — ^the ganglion being placed above the latter (Fig. 377, a). 
Nervous filaments are distributed to the ciliated arms (d), the adduc- 
tor muscles, and to the vascular lobes of the mantle (ft, h), 

111 A. Two pairs of short, powerful muscles arise from each valve, 
some of which are lost in the opposite valve, and others lo^t in the pedicle. 

1175. The pedicle is surrounded by an elastic yellow homy layer 
and a tubular prolongation of the mantie. 

1176. The trae history of these interesting animals has been given 
in the following beautiful and graphic language, by Prof. Owen : 
'^ Both the respiration and nutrition of such animals, which exist be- 
neath such an amacing pressure as a column of ninety fieithoms (540 
feet!) of sea-water, are subjects suggestive of interesting reflections, 
and lead one to contemplate with less suiprise the great strength and 
complexity of some of the minutest parts of the frame of these di- 
minutive creatures. In the unbroken stillness which must perrade 
those abysses, their existence must depend upon their power of excit- 
ing a perpetual current around them, in order to dissipate the water 
already laden with their effete particles, and to bring witiiin tiie reach 
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of Aar prelienBile orgfttu the uumalooles adapted for their nute- 
nance." The microscopical examination of the contente of the sto- 
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maohs of muneronB Terebratulie, baa anifonnly disclosed to Tiew 
myriads of well known mJnate silioeoas forms enoueously ascribed 
hj Ehrenberg to the animal kingdom. 



lESSON LXXIX. 

VEBTOTTB BTSTXK I 

1177. The relatioD of the oonbuoed loft parts to the biralre shell 
of the Braohiopoda is soeh that, in the TertbratuJa, tLe perforated, 
nlre most be regarded as the inferior or central one, and the imper- 
forate or shorter Talve the dorsal one. 

1178. In the XanMlitirafuAiafa one TalTC is applied to the right 
and the other to the left dde of tlte animaL 

1170. ThenerTOQB STatem advances in aregolartj proportional 
decree with the complexity of the general orgauiiation, and especially 
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with the moscalar system ; the ganglion npon the posterior addaotor, 
trhich is most conspicaons in the Oyster^ Musuil^ P$cUn^ and other 
Bivalves, is the largest and most constant 

1180. It supplies the branchiao with their nerves, and is called, 
therefore, the hranchial ganglion ; but it distribates an equal diare 
of nerves to the posterior dorsal and anterior parts of the mantle. 

1181. In the common Mnssel (Mytilus edtdis) the kbial or 
cephalic ganglions maj be distinguished by their rose color (when 
fresh) at the base of the labial processes (a, Fig. 378). They are 
connected by a short transverse nervous chord (ft), which passes be- 
hind the mouth. From each of these ganglions two principal nerves 

^are given off, one passing forwards to the anterior adductor {q)f the 
''other backwards along the base of the foot and the visceral mass to 
the posterior adductor (^, g). At a short distance from the cephaKo 
ganglia this latter nervous chord (g, g) sends off a branch («, c), 
which terminates in a ganglion at the base of the foot (d) ; as each 
of these branches ends in a ganglion, for the supply of nerves to the 
foot, they coalesce, and a bilobed pedal (pu^ foot) ganglion is formed. 
The cephaRc (a), pedal (<i) and hranchial (A) ganglions, oonstitate 
the important cm^rw of the nervous system in this and other bi- 
valves. The pedal ganglia distribute nerves in one direction to the 
retractors of the foot; in another to the substance of the foot 
(/) itsel£ The branchial ganglions (A, h) send off nerves, which are 
distributed principally to the breathing organs (m, m), and two 
large nerves which diverge as they pass over the adductor 
muscle (/, ^*), to proceed to the base of the tentacular proceses 
guarding the posterior lobes of the mantle ; these continue along the 
margin of each lobe of the mantle, until they meet and anastomose 
(join) with similar branches, which are continued over the anterior 
adductor muscles descending from the cepJuUie ganglions. 

1182. The most remarkable &ct demonstrated by the prepara- 
tion of which a copy has been given, is the surprising and persistent 
connection of the ganglionic centres ; throughout this nervous system 
it invariably occurs that a nerve which has its origin in one ganglion, 

.terminates in another. By this means the cephalic ganglions are 
connected, and the cireuii made perfect. 

1183. The nerves (c, c), which arise from the cephalic ganglia 
respectively, terminate in d, d, the pedal ganglia, whilst these, in 
their turn, are connected by the looped nerves,/,/. 

1184 The cephalic are connected with the branchial ganglia, 
through the medium of the dorsal chords, g, g \ one branchial gan- 



LESSON 79.] NSBTODS STSmC DT UiMMUJBRJiSCHIi.TA. 261 

glioD oonneotB with its Mlow, by the ttgeaej of the KBarausural 
nerre, t. 

The demofutration of the figure ia as follows : 



NsmMi •jMam of ll^liu sdaHs (eommon UiiMel). 

a. Opiullc or liblnl nngUn- 

b. CiHDinlHDre. or rerroug chord, jm^nr belitrid th* atofbtfat, oaltlag tiNm. 
«,«. H«rTH, d*rtt«l rromthe «p)iil1<i ouiIIl 

a, a. Tbeh UnDlullon In tnnilii it llielm of Ihe finL 

t. Bllubad p«U (pu, foot) ^ucll*. 
// TT.rTB Wn the pwUI pmelT. dl.tHbntsd to tbs toot 

KStTTtt vhloh orUlnita la tha i«>tuUD gutfl*. Mkd Unalnat* IB 
ThcbiucUiJ gmgll*. 
i. "mnlmTf.. ftrnfTTfuirrhrrri ffrtinnrtlnrTiTMntitolfingll* 
jj. Bnnehiw from the braacUil guglli, vhfch m dlrtribsled to the Innor nuijln of tho 

<t,t. H'erTHderivcdfrotni,/, ud th«bnui«h<ilgugUaa,uid dlrthbolwl to the oalernur- 
■Id of th* mutl*. 
I, L Bruflfa fnm tnuutiliil noillolL dlitilbtitsd to the poateHor put of Iha mutlt 
■>, m. Nnra dIMribnIed to IheSlK ftiimlBK tha branMat jiimt. 
*t,n, Tmnlzul DarrBaftom tha bruehUl plaxueadfiuclD ua oaphalia gmiullL 
o, o. Ths gllla. 
p. BfDpslhetlo DflETea, derlTod trrtm tha (wphalLa ^nglLa, ud dlitrlbatad to tha tlODUCh. 
{. Narna lUitrtlniMd to tha wiatlot tddactot miwla. 
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1185. The respiratory, or branchial nerres, hare iheir origin in 
the branchial ganglions on either side ; they ascend one lamella of 
the gills, giving off numerous minute branches, and forming plexuses; 
the main respiratory trunk then descends the next lamella, giving off 
its plexuses by the way ; arrived at the lower portion, it again as- 
cends, but prior to doing this it sends off a branch to the fourth and 
last lamella of the gills, when the main trunks ascend lovingly side 
by side, giving off their minute plexuses by the way, till they reach 
the summit. Here the fourth lamella gives off the (now attenuated) 
main nerve, which receives a branch from the third lamella, and con- 
tinues its course till the circuit be pompleted in the cephalic ganglion. 

1186. The pallial {pallium^ a cloak or mantle) nerve, /, also 
originates in the branchial ganglion ; we trace it throughout the 
circumference of the mantle, accompanied by its fellow, k, till we 
lose them both at the anterior portion of the body, in the c^haUc 
ganglion. 

1187. The post-pallial nerves (2, I) arise from the branchial 
ganglion on one side, and form a loop which terminates in the other ; 
to end this surprising history it is only necessary to add that the 
sympathetic nerves are given off by one cephalic ganglion, and end 
in ike other. 

1188. Seasoning from the facts adduced, it would appear that 
the principle (so far as is known) firstly enunciated in a LamdU- 
branchiaU mollusc^ continues through the classes till it (probably) 
culminates in man ; it is very far from reasonable that such an ar- 
rangement pertains to these creatures alone. Whenever our dissec- 
tions of the nervous system of man and the higher animals become 
more perfect, it may result that the like connection of the great 
nervous centres is equally complete. 

The looping of terminal nerves in man and the higher nuuon- 
malia is well known, as witness the nerves in muscle, Fig. 352 ; this 
seems to be confirmatory of the principle here shown to exist, exten- 
sively, throughout the entire nervous system of an animal. Should 
such an arrangement be generally true, there would be no difficulty 
in understanding the phenomena of the reflex action of the nervous 
system, together with other and important phenomena in connection 
with peculiar nervous affections, to which poor humanity is prone. 
The series of preparations in which the foregoing facts are recorded, 
were dissected for the Hunterian Museum, where they still remain. 
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LESSON LXXX. 

BBBYOTTB SYSTEM IK THE OA0TBBOPODA. 

1189. The meaning of this word has already been given, and it 
will be at onoe apparent that its application is to the slags and 
snailSf whether inhabitants of the earth, fresh waters, or of the 
ocean, the whole of which progress upon their beUi/'foot 

1190. The majority, but not all, of these animals are androgy- 
nous {an^j a man ; gun^, a woman) ; both sexes are combined in 
the same indiyiduaL 

1191. From the great power of locomotion possessed by this 
class, it is evident that the muscular system has acquired an increase 
of development as compared with the Lamdltbranchiaiay and, cor- 
responding to this, is the increase in development of the nervous 
system, and the development of a brain. 

1192. Thus we observe, in the lowest and least locomotive 
Oasteropodf a tendency in the nervous system to be aggregated at 
the forepart of the body, the cerebral ganglions rising more to the 
upper sur&ce of the now well-developed head, and the branchial and 
pedal ganglions beginning to concentrate themselves about the 
moutL 

1193. In the slug and snail the principal centres of the nervous 
system are a supra-cesophageal and a sub- oesophageal ganglion, but 
the complex character of the latter and larger mass is indicated by 
the triple nervous chord, which completes on each side the colliur 
round the alimentary tube. From the inferior mass the nerves 
radiate to the muscular foot, the soft and susceptible integument, 
and the circulating and respiratory organs. The upper ganglion 
gives off the large nerves of the tentacles and ocelli ; it also commu* 
nicates on each side by two minute filaments proceeding from its 
posterior and outer angles, with a small pair of sympathetic ganglions 
situated on the side of the oesophagus. 

1194. In the BuUa lignaria (Fig. 379) there is a small lobed 
ganglion (a), anterior to the usual cephalic ring (0), which is situ- 
ated below the bulb of the ossophagus. The cephalic ring (0) sur- 
rounds the oesophagus, and at its sides are seen two large tri-lobate 
ganglia (/), which send numerous branches to the surrounding mus- 
cular parts, and two long branches (&, h) extend backwards from 
them, along the sides of the abdomen, to two symmetrical gai^lia 
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{i, i) placed kbore the mnsonUr foot. Belimd these &re two ajm- 
p&thetio g&n^a (Jb), vhioh aend flUmenta to ibe digeetire organs. 

1195. In the simple form of the nerroos system presented by the 
CarxTiaria MedHtrraata (Fig. 380), there ta a close BDalogy with 
the ordioarj disposition of the symmetrioal detached nervous eoltunns 
along the rentral sor&oe of the abdomen in the iubabitantB of bi- 
rslve shells. Lobed ganj^ (g, h) are found in this animal at the 
sides of the cesophagus, and a tranfiyeree nerrous baud (i) o 
them, and enoompaasiDg that passage. From this neirans a 
geal ring (*) the two optic nerves pass laterally to the eyes {/,/), 
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and the tentacular branches pass upwards snd forwards to the long 
slender tentacula (e, e). Nomerona bruiohes extend downwards and 
laterally, to ramify on the mosealaT parietes of the abdomen, and 
two principal trunks {k, k), extending backwards along the ventral 
surface of the abdomen, meet with a large compound quadrilobate 
(fbnr-lobed) ganglion {q) behind the stomach, and above the di- 
Terpng mnaoles of the oomptmmd foot These two ventral (beDy) 
detached and oonTerging eolnmns [k, k), extending fVmn the cDeo- 
phageal collar to the middle or pedal ganglion {q), can be traeed 
backwards from these ganglia, along the lower sorfitoe of the ab- 
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dominaJ cavity beneatli the inteatine, to new the nadnl extremity 
of the trunk. A branch, ooostitnting the sympathetio, extendi 
directly backwards tram the brab, or teaophageal collar, and u dis- 
tribatod to the visoera. Numerous braoobes come off from the 
pedal ganglia (q), to ramify on t^e mnwles irf the foot and Burroood- 
tng parts. The lateral ganglia of the nervous ceeophageal collar are 
dw parts from vhloh tbo two principal nervoas chorda are derived, 
which extend backwards beneath the abdominal viscera. 

1196. The Bueomum (Whelk) and the Harpa have the greatest 



Nnroni tfiMm at Hups atniipta. 

portion of the ganglionic matter of the oesophageal nervous ring ao- 

oumalated in a cerebral position above the entrance of the alimentary 

canal, as shown in the annexed figure of the Sarpa dtmgata (Fig. 881). 

1197. The mantle (o) is opened to show the faranchite {d, e) and 
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the siphon (c) on the left side of the figure. On opening the an- 
terior part of the trank the retracted proboBcis (g), with its mnaclee 
{h)y are seen extending baokwards to the right of the brain, (i), ivhiok 
rests on the inferior torn of the OBsophagus. From this cerebral 
mass (t) large nerves are seen extending forwards to the head (i), 
the tentacula, with the eyes, at their base (Sj «), and to the broad 
fin-like anterior fold (a) of the long tapering foot Other nenrons 
chords are seen extending downwards to the ventral earhioe of the 
abdomen, and baokwards to the sympathetios which supply the ab- 
dominal viscera. 

1198. This gradual concentration of the ganglionic matter of the 
great oesophageal nervous ring of the Gasteropods into a cephalic 
position, may be regarded as preliminary to its enclosure in a distinct 
cranial covering — a condition which it attains in the Cephalopodt 
(kephdl$f head ; pou8i ^oot). 



•>» 



LESSON LXXXI. 

HEBV0X7B SYSTEM IN THE PTBBOPODA AND OBPHALOPODA. 

1199. These animals are named from the Greek, pieron, a wing, 
and pous, a foot, and are so called from the peculiar wing-like form 
of their sole locomotive organs, which are placed near tiie head. 

1200. All the animals of this class are minute, the largest (Olio 
borealis) not exceeding an inch in length. They are marine^ and 
found for the most part in the Arctic seas, where they exist in im- 
mense shoals. Some of them are encased in an extremely delicate 
shell {HydUa) ; others, like the Clio, are naked. They constitute, 
especially (7. borealis, the chief food of the Whale, which is unable to 
swallow any thing of larger size than the creatures now under con- 
sideration ; and of these, from the smaUness of its oesophagus, it can 
only take one at a Ume. 

1201. The nervous system in the Pteropods presents the same 
general plan, and the same varieties of form in its cephalic masses, as 
we have seen existing in the Gasteropods, especially in the naked species. 

1202. Thus, in the Clio boreaiisj there is a double nervous collar 
around the oesophagus ; two small ganglia approximate to each other, 
to form a bilobate brain (a) (Fig. 382), and are placed above the 
oesophagus, immediately behind the lips, and indicate by their di- 
minished size the imperfect development of the organs of the senses 
in this animal, which scarcely presents a trace either of eyes or ten- 
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taenia. Behind these central ganglia are tvo larger 
lateral ganglia connected together by a transTerse 
band below the cesophagna, and which Bupply the 
principal uervea to the mnscnlar^osed mantle en- 
veloping the trunk. Two nerroDS bands proceed 
fcom each of this middle pair of ganglia, one of vhioh 
coimectB them with Hie oerebral, and another proceeding backwards 
oonnects them with a posterior pair of ganglia, which are united bj a 
transrerse chord abore tim oesophagus. 

■ OnHALOFOSA. 

1208. The nearest approach to the Tertebrated form of the ner- 
vous system is that presented by the Oqikalcpods, the highest of the 
molluBoa, and of all inrertebrata. The brain is enclosed in a dis- 
tinct cranial cavity, numeroas symmetrioal ganglia are developed on 
the great nervous axis, both before and behind that organ, and sym- 
pathetic ganglia are observed in the abdominal cavity. 

1204. The principal masses of the nervous system ot the Peaiij/ 
Natdilut (Fig. 883) are concen- 
trated in the head. The supra- '"' 
(esophageal part, or biain (a), 
presents the form of ashort, thick, 
transverse, round diord, or oom- 
missore, oonnected at each ex- 
tremity with three ganglionic 
masses. The middle and supe- 
rior of these (£) snppUes tlie eye 
and the inferior hollow tentaou- 
Uform organ; the anterior and 
Inferior ganglia (c, c) meet their 
fbllow below the cesophagus ; the 
posterior ganglion (if), in like 
manner, joins that of the oppo- 
ute aide and forms a second and 
posterior oesophageal ring. The 
nerves given off immediately 
from the enpra-cesophageal gan- 
glion supply the mnaoulsT and 
other parts of the mouth, and 
have Bmall pharyngeal ganglions 
developed upon them. The an- 
terior (esophageal ring pves off H*n«u lyiuin dt uu Peuir Kiuuiut. 
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principally the nerves to the tentacida (/,/)) and the two me- 
dian ones (g^g) are connected with a ganglion (A, A), which suppUes 
the tentaeula of the inferior labial processes, and the lamellated 
organs on that part of the oral sheath. The tentaeula nerves are 
continued, like those of the arms in the higher cephalqpods, along 
the middle of the tentacle, attached by loose cellular tissue to the 
vessels of the part. The posterior collar gives off numerous nerves 
(m) of a flattened form, which supply the muscles of the shell. The 
respiratory nerves form a small ganglion {g) at the base of each pair 
of gills, from which branches are sent to those organs, and to the 
heart. A plexus of more delicate visceral nerves (r) is continued 
backwards along the interspace of the branchial nerves, and the chief 
branches are connected with a small ganglion situated upon the 
stomach ; the ophthalmic tentaeula derive their nerves (n, n) from the 
immediate vicinity of the origin of the optic ganglion. The hol- 
low plicated process beneath the eye, regarded by some authors as 
the olfactory organ, likewise receives its nerves from the extremity 
of the supra-cesophageal chord. 
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LESSON LXXXII. 

NEBYOUB SYSTEM IN THE FISHES. 

1205. The great axis of the nervous system occupies entirely a 
dorsal ((lorstem, back) position in the vertebrated classes ; it is en- 
closed in an osseous (bony) sheath or spine, which is continued over 
its posterior prolongation, and it is nowhere perforated by the ali- 
mentary canal. 

The fibrous structure of the encephalic portion (brain) which is 
perceptible in the Cephcdopods^ becomes more distinct and obvious as 
we ascend through the vertebrated classes ; and that antmor part 
of the nervous aus becomes likewise proportionally larger, leaving 
only slight traces, in the fourth ventricle, of its original opening for 
the passage of the alimentary canal. 

The spinal chord, the medulla oblongata, the optic lobes, the 
cerebral, and cerebellic hemispheres, form the most constant ele- 
ments of this axis, but their relative and actual developments vary in 
the different classes. Though much varied in the extent of its de- 
velopment in the differ^t classes, there is great similarity in the 
successive stages of the devdopment of this system in the embryos 
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of all the yertebrated animals, and great uniformitj of plan in all its 
adult forms. Beginning with the two columns of the axis, like the 
two chords of a worm, it becomes reinforced by filaments from every 
part of the periphery, and gradually receives its ganglionic enlarge- 
ments, as in all the inferior tribes, where they are most required by 
the developing organs of the body. The great sympathetic or nervous 
system of arganio life, which is extended along the upper, or dorsal 
side of the sjrmmetrical axis in the inverted bodies of the articulata, 
is here developed along the ventral or under surface of the spino- 
cerebral {spiney brain) axis, and like the sympathetic system of the 
highest articulata, it is enclosed with the viscera, in a cavity distinct 
from that whidi envelops the nervous axis of animal life. 

1206. In the long, worm-like form of the lowest fishes, as the 
Lamprey y the Pride, and the Oastrchranchus, the two slender col- 
umns extending along the back, and scarcely protected by a cartilag- 
inous {cartiiagey gristle) sheath, are nearly without cerebellum, and 
destitute of ganglionic enlargements in their course to the head, 
where the minute cerebral elements are enclosed, like the ganglia of 
a Gephalopod, in a cartilaginous tube, consisting of a single piece. 

1207. This simple condition of the axis, presented by the lowest 
fishes, resembles the primitive development of this system in the 
highest vertebrata before the extremities began to shoot firom the 
sides of the trunk. 

1208. In fishes, as in Gephalopods, where a large exterior surfiioe 
of the skull is required for muscular attachments, the minute brain 
does not fill the cavity of the cranium, and the space between the 
dura maier, which lines the skull, and the pia mater, which invests 
the cerebral organs, is occupied by the soft, transparent, semi-fluid 
cellular tissue of the arachnoid coat, which passes down likewise 
through the vertebral canal, enveloping the spinal chord. 

1209. The spinal chord is nearly equal in its development 
throughout the vertebral column, even in many of the osseous fishes, 
from the smallness of the arms and legs not requiring those enlarge* 
ments which we observe in most higher animals, where the nerves 
are larger and more powerful extremities are given ofL 

1210. In species which have the arms of great magnitude, as 
Bays, and Flying-fishes, there is a proportionate development of the 
upper enlargements of the spinal chord. 
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LESSON LXXXIII. 

BEBTQUB BYBTEU IN FISHES, OONOLUDKD. 

1211. In the 2Hgla lyra (Fig. S84}, where the pectoral fins are 
of great siie, a seriee of ganglionic enlargementB (&, h) of the ^inal 
ohord (a) are observed at its upper part, whioh oorrespondfl in num- 
ber with the number of the large detached rays of the pectoral fins 
presented b; the different species, Tri^ euovMut having five en- 
largements and five detached rajs, and the 7?rigla lyra having six 
of each. 

1212. The demoDBtration of the figure is aa fbUows: The spinal 
chord is seen at a. The medulla oblongata which consists of dx 
ganglionic enlargements at b, h. At e, d, the oerebeUnm is seen, and the 
cerebrum at/. In this superior portion «f the brain, tlie optio lobes 
(s, e), the olfaotOTj lobes (9), and the olfactory nerves (A) are fbond. 

Fia. 8S4. Fia. S8B. 1218. The posterior extremi- 

ty of tiie spinal ohord is some- 
times sensibly enlarged where 
nerves proceed to the muscles of 
a large caudal (t^) fin, and in 
abdominal fishes (an order so 
called from the attachment of the 
ventral fins to the abdomen, be- 
hind the pectorals, or ehtst fins), 
an enlargement is observed, not- 
responding with the ventral, at 
beiljf fins. 

1214. In front of tlie medulla 

H«r™umiMn, Bnis, Omeer mL oblonirata and cerebellum in os- • 

TngwLjrs. ^ 

seouB fishes, there are three purs 
of rounded lobes placed in front of «aoh other along the floor of the 
cranium, and occupying but a small portion of that oapaoions cavi^, 
as seen in the brain of the Conger mI {Mttrana eongtr, Fig. 885), 
where these three pairs of lobes are nearly equally developed and 
similar in form. 

1215. The spinal chord is shown at a; to this succeeds the 
oerdbellum (h). The cerebrum is marked a, containing the optic 

, lobes (c), the olfkctory lobes (/), the olfactory nerves (ff, j). and the 
pineal gland {d). 

1216. The posterior pair of lobes (c), immediately before tbe 
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oerebellom (i), are the optic lobes, which are hollow intemallj, as in 
the human embryo, and give origin to the principal fibres of the 
optic nerves. 

1217. The second or middle pair of lobes {e) are the cerebral 
Aemispheres, which here, as in the human embryo, are destitute of 
internal yentrioles, and without external convolutions. 

1218. The anterior pair (/) are the olfactory tubercles, which 
are entirely appropriated to the olfactory nerres (^, g). 

1219. In the Trigla lyra, where the medulla oblongata (Fig. 384, 
bf b) is marked by ganglionic enlargements, and the cerebellum (c, d) i& 
proportionally small, the optic lobes {e, e) are much larger than the 
cerebral hemispheres (/), and the olfactory tubercles (g) are much 
inferior in size. 

1220. In most fishes, as in the earliest condition of the human 
brain, the cptic lobes are larger than the hemispheres; they are 
smooth and gray on the outer sur&ce, and destitute of the transverse 
sulcus (a furrow), which gives them a four-lobed (quadrigeminous) 
appearance in the adult mammalia ; they are hollow within, and 
have their inner walls lined with white medullary fibres. The ven- 
tricles of the optic lobes communicate freely with each other, and 
they open behind by a narrow aqueduct, into the fourth ventricle 
beneath the cerebellum. 

1221. The interior white medullary walls of these two lateral 
cavities meet above on the median line, and form an extended com- 
missure ; they descend along the median line to form a prominent 
ridge, but not a complete septum, between the ventricles. 

1222. Finally, the cpHe lobes of fishes, like their medulla oblon- 
gata, are larger in proportion to the cerebral hemispheres than in any 
of the higher vertebrata, and they present the same great propor- 
tions the earlier we obserre them in the human embryo. 



-•♦•- 



LESSON LXXXIV. 

NERVOUS SYSTEM IN REPTILES. 

1223. In the AmphUnaf and in the larva state of those which 
lose the gills, the spinal chord, the medulla oblongata, and the cere- 
bral parts contained within the cranium, present the same proportions 
and general conditions which we observe as permanent characters in 
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most of tlie osseons fiaheB ; but the oerebellnm is genersU; Bm&ller in 
unphibia >ud reptiles than in all the o^ier Tertebrata, 

1224. Aa in the lower fishes, the ^inal ohord in th«m inferior 
forms of amphibia is prolonged, small, and tapering, without distinct 
ealaigement where the uerres usually oome off to the arms and to 
the 1(^ The medulla oblongata is jet broad and lobed, the oere- 
bellum in form of a ver; small median transverse lobe without hem- 
ispheres, the optic lobes large, gray, smooth withont, hollow within, 
and qnite exposed, and the cerebral henuspberea extending longi- 
todinallf, without internal Tentricles, and smaller than the optio 
lobe. 

1226. The metamorphosis of the aninuds of diis elass, prone to 

Buoh phases, changes the condition of their nervous system, from that 

of the lower fishes, to nearly that of the reptiles above them, in which 

Ite. SS& Fra. SSI ^^ metamorphosis ooonrs ; and tliese changes in the 

nerrona system are effected so n^idly, that we can 

perodve a marked advancement in the developmoit 

of the nervous system of the Ta^i^aU produced in 

one day. 

1226. In the Tadpole of the common &og, on 
the fourth day (Fig. fi86), the spinal chord ia per- 
ceptibly enlarged at its posterior part (a), and also 
the medulla oblongata. The oerebellnm (h) ia 
scarcely visible, extended across the median plain ; 
the optio lobes (c), and the cerebral hemispheres (s) 
FWB^ SJrtS"«5 ■" ""i^. n*rroWi and BO &r separate longitudinal- 
'<u> dart. ly as to expose the optda thalami (d). 

On the fbllowing, or fifth day (Fig. 387), beddea the gmeral in- 
crease of the spinal chord (a), the cerebellum {b) is perceptibly en- 
larged, the optic lobes (o) are proportionately broader and shorter 
and the cerebral hemupheres (e), increased in every direction, begin 
to extend backwards over the optic thalami (li). As the tadpole ad- 
vances in its development, and the legs and arms are extended from 
the ddes, the posterior and middle enlargements of the spinal chord 
are proportionally iuoreased, the cerebral hemispheres enlarge, but 
t&ey present no convolutions or ventricles. The anterior extremity 
of tbe chord is enlarged from the first, as it {^ves origin to the crani- 
al (bead) nerves, and the poHterior end is enlarged for the cauda 
equina (the termination of the spinal chord in man, and other ani- 
mals, is supposed to represent a Horse's tail, and is thus named — 
eavda, a tul ; equina, a Horse). 
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1227. The ohuigeH effected in the neryow sjBtem of tlie hi|^er 
amphibia closelj resemble those prodnoed bj development in the 
human embryo. Their sympathetic nerree, and ganglia, too, are 
more distinct than in the class of fishes. 

1228. By comparing the nerrons syitem ef the adult Frog 
(Fig. 888), with those of the tadpole during the period of early de- 
relopment, great and important changes Till be apparent. Thne, 
l^e ol&otory gan^^ and nerres (nerrea to the nose), which did not 
at all appear before, are now well formed (a) ; the oerebal hemis- 
pheree {b) are greatly enlarged, the optio lobea (c) well developed, 
and the cerebellum (d) remains so small that it does not cover the 
fourth veniridt, or cavity left by the divergence of the colnmns of 
the spinal chord (*); the cauda ^^^ ^^^^ f, »» 
eqnina {/,/) is also well produced 

at dte period of matore growth. 

1229. From Ae foregoing it 
will be seen that the chief advance 
in the development of the Reptile 
brain, as compared with that of 

, Fishes, consists in the greatly in- 
creased siie of the cerebral hemis- 
pheres over the optio lobea, but the 
cerebellum is smaller — so small in 
the Frog that it does not even oov* 
er the fourth ventricle, and this is 
common to nearly the whole class. 

In confirmation of these &ctB a 
figure is ^ven of the brain of the 

Turtle (Fig. 889); the olfactory Nervous triUnn Bnla of the TbiUb. 
1- / \ 1 1 J 1 J of •dull Ki. 

ganglia (a) are largely developed, 

and form, with the eyes, the most important organs of special sense. 
The cerebrum [b) is enormously prodnced, as compared either with 
the optio ganglia (c), or the cerebellnm (d). 



LESSON LXXXV. 

HSBTOUa BTBTEU IN BIBDB. 

1280. In this class the cerebral hemispheres attain a great in- 
creaae of development, and arch backwards, so as partly to cover the 
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optio ganglia, and these are separated from eadi other and thromi 
to either aide, 

1231. The cerebellum also is muoh inorewed in aize, proportum- 
allj to the medulla oblongata and its ganglia; there is, hoveTer, no 
appearance of a division Into hemispheres. 

1232. The optic ganglia bear a considerable proportion to the nie 
of the cerebrum; they are atill hoUev, as thej are in the embryo 
condition of man. We shall hereafter see that the brain of the Hn- 
man embryo bears comparison in many respects to the brain of the 
bird. 

1288. The great increase of the cerebral hemispheres, arching 
backwards orer the Thalami, and optio ganglia, but destitute of oon- 
Tolutions, and imperfectly connected by commissures, — the large 
cavity still existing in the optio ganglia, and freely commnuicaUng 
with the third ventricle — together with the imperfect evolution of 
the cerebellum — make the correspondence in the two very remarkable. 
1234, In the earlier periods of the Old World, Birds appear to 
have been connected with the Reptiles, through the flying Lizard, 
or Pierodaetylus, remains of which animal are now only 
found in a fossilized condition. , 

1235. It is very instructive to examine the brain 
of the chick, after two days of incubation (Fig. 390). 
We here see that the two halves of the spinal chord (a) 
are united posteriorly, and form the vesicular enlarge- 
ment (d), corresponding to the cauda equina and pelvio 
dilatation of the adult The cervical and dorsal ver- 
tebne begin to embrace the anterior (/) portion of the 
Hfiriem of ohord, and three vesicular enlargements are seen on the 
cephalic portion of the nervous axis. The poaterior (c) of 
these enlargementa fernu the rudimentary lobes of the medulla ob- 
longata, the middle dilatation (d) constitutes the outline of the opda 
lobes, the anterior («) and smaller cephaUc enlargement fonns the 
embryo condition of the cerebral hemispheres in the chick, and ^1 
these lobes are disposed in a longitudinal direction, as they are found 
in fishes, and in the embryos of mammalia. 

1236. In the brain of the adult Stork (Fig. 391), the large cere- 
brum {d, e) is partially divided into lobes; it covers the optic thala- 
mi {thalamus, a bed-obamber, bed of the optic nerves), and contains 
a small ventricle, which extends forwards to the olfkotory (nerves of 
smell) tubercles (/). 

1237. These latter oommenoe from two medullary trkcts (A) on 
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the inferior Borfaoe of the bemispherei, and taper forwards to the 
oUactoiy nerves. The optio lobes, from whence the optio nervea 
arise, are shown at c, the oerres of motion of the eje, or motor oeuii 
(ff), are also well developed. 

1238. The lar^ cerebellnm (m), with its lateral lobee (I), is also 
well seen; the medulla oblongata {b) terminates in the spinal 
chord (a). 

1239. An illustration is offered of the brom of the Buuard 



Brain or ths Btock. 

(Fig. 892J ; the olfactory ganglia are entirely concealed, in tliis view, 
by the great size of the cerebral hemispheres (a). The optic gan- 
glia (b) are seen of large size; the cerebellnm (c), and the pineal 
gland {d)), with (s) Ibe spinal chord, completes the Tiew. 

1240. The senutire spinal nerves of birds have the guiglia larger, 
and approximate more nearly to their origin than in reptiles ; and 
&om the retraction and high terminatitm of the spinal chord, as well 
as the comparative magnitude of the legs in this class, the posterior 
ganglionic enlargement is remarkable for its sise, and at this place 
the motor and sensitive roots pass ont through separate foramina 
(holes) of the numerous sacral (sacrum, the back) vertebrm 

The twelve pairs of cranial nerves are distinct, as in reptiles and 
mammalia. The smallness of the facial nerve corresponds with tbo 
immobility and insensibility of the superficial parts of the face, and 
the magnitude of the aconstic nerve, with the great development of 
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their internal ear, and their aoute sense of hearing, especially in noc- 
turnal birds. 

The spinal nerves are chiefly cervical {cervw^ the neck), and sa- 
cral (aaorum, the lower part of the back), from the number of ver- 
tebrsB composing these parts of the column. 



•♦• 



LESSON LXXXVI, 

ISnEBVOUB SYSTEM IN MAMMALIA AND MAN. 

1241. It has been shown that the nervous system in the lowest 
animals possessing such a structure, exists in the form of a single 
chord, presenting a lengthened axis, and in the Ervtozoa only one 
ganglion is found. 

1242. To this succeeds a douMe chord, and with this single or 
double chord, ganglia^ or knots of nervous matter, varying alike in 
situation and number, are associated. 

1243. Thus, in the lower ArHciilaia, we find a ganglion, or little 
brain, or nervous mass of reinforcement, placed in the centre of each 
segment of the body, which are motor in their function, and supply 
nerves only to the system of muscles found in the segments respeo- 
tively. The nerves of distnbution are uniform in number, and dis- 
tributed to similar structures in each instance— -the only exception 
being in relation to the supra-sdsophageal ganglion, or brain, the nerves 
proceeding from which, with the exception of thjS sympathetic nerves, 
are distributed solely to the organs of special sense. 

1244. In the Leech we found only eyes to be supplied, and thus 
the brain distributed only cptic nerves^ and may be considered as 
simply an cptic ganglion. In this animal the lower portion of the 
brain, infranoesophageal ganglion, greatly exceeds the superior porticm 
in size — ^the muscles to be supplied with nerves being much more 
abundant than the organs of special sense. 

1245. In proportion as organs of sense are increased, so will the 
brain be found to increase in sise, and the greater will be the num- 
ber of nerves distributed from its superior portion ; compared with 
the Leech, a Caterpillar claims a much higher organization, and 
hence the superior development of its bndn, and the vast assemblage 
of nerves in connection with it In the Oirripedsj no organs of 
special sense were found, neither is a superior portion of the brain de- 
veloped, but the ganglions connected with the double chord, are mo- 
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tor in their fonctioii, with the exception of the sympathetic nerves 
originating from the supra-cesophageal loop. In the Myriapods^ 
however, a large and well developed brain is found, to sapplj the in- 
creased number of the organs of special sense, and to originate a well 
formed sympathetic system. In Insects another and remarkable 
change, of a strictly progressive character, awaits ns. In their lar- 
val, or infantile condition, their energies are in abeyance, and their 
oigans of special sense are few, compared to their condition *in the 
perfect insect ; the superior portion of the brain, therefore, is much 
smaller than it is hereafter destined to become. The energy, activi- 
ty, and great irritability of the perfect Insect, contrasts remarkably 
with the dull, sluggish, almost impassible life of the same animal in 
its young condition. In a caterpillar, any one segment or ring of the 
body (except the head) is like all the rest, and has the same func- 
tions, even of locomotion, to perform — Whence the necessity of a gan- 
glionic enlargement, or little brain in each segment, to keep up, or 
maintain, the nervous force necessary for the due performance of 
their functions respectively. The brain is much larger than their 
inferior portions in the perfect Cockroach (Fig. 417), and Mantis 
religiosa (Fig. 419). 

1246. In the hivalve-fnoUiLscay we find a creature in which the 
nutritive system appears to be developed at the expense of all the 
other organs; consequently there is little special sense, and no need 
of nerves to supply organs that do not exist. 

1247. Destitute of vision, optic nerves are unnecessary; devoid of 
smell and taste, there are neither gustatory nor ol&ctory nerves, and 
the brain (or that which is analogous to it, as some authors suppose) is 
reduced to the two cephalic ganglions, which are placed on either side 
of the oesophagus, and much smaller in size than the branchial gan- 
glia. From all analogy of the distribution of nerves from special 
centres, and the organd they supply, the cephalio ganglia of the bi- 
valve moUusca appear to constitute, not the superior^ but only the 
inferior surface of the brain. Headless, and entirely destitute of 
organs of special sense, there is no need of a supra-odsophageal gan- 
glion, and none such is developed ; the branchial ganglions, with 
their mixed function, appear to be the most important The same re- 
marks apply to the still lower TunicatcB and Tenbratvias. 

1248. But in the Slttgs and Snails, whether naked or testaceous 
(iestaj a shell), we find animals endowed with that superior organiza- 
tion that renders a higher development, no less than a local position 
and concentration of the brain, imperatively necessary. With a 
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head, and abundant organs of special sense, a well deyeloped supra- 
oesophageal ganglion is found. 

1249. From these animals we make a rapid ascent to the fishes ; 
in the lowest of these, the anterior portion of the doable chord dis- 
plays a succession of five pairs of ganglia. 

1250. The higher fishes, and the amphibious reptiles, appear to 
have a difierent disposition of these primitive ganglia. The first 
two h^ve become fused into a single ganglion, and then follow onlj 
three pairs of symmetrical ganglia. But if the larger pair be un- 
folded after being hardened in alcohol, it will then be seen that the 
whole number of ganglia exists, but that four have become concealed 
by a thin covering that has spread across them. 

1251. This condition of the brain carries us upwards in the scale 
of being, even to the mammalia ; in the dog, or cat, for example, 
we find, first a single ganglion, the cerebellum ; then three pairs 
following each other in succession ; and if we unfold the middle 
pair, we shall be at once convinced that it is indeed composed of two 
pairs of primitive ganglia, concealed by an additional development. 

1252. Again it will be observed that the primitive ganglia of 
opposite sides, at first separate and disjoined, become connected by 
means of transverse fibres of communication, or commissures. The 
office of these commissures is the association in function of the two 
symmetrical portions. 

1253. Carpenter, in his human physiology, has truly said, '^ Hence 
we arrive, at the general and important conclusion, that the brain 
among the lower animals consists of primitive chords, primiUve 
ganglia upon those chords, and commissures which connect the 
substances of the adjoining ganglia, and associate their actions. '^ 

1254. In the development of the cerebro-spinal axis of man, the 
earliest indication of the spinal chord is presented under the form of 
a pair of minute longitudinal filaments placed side by side. 

1255. Upon these, towards the anterior extremity, five pairs of 
minute swellings are observed, not disposed in a straight line, as in 
fishes, but curved upon each other so as to correspond with the 
direction of the future craniuuL 

1256. The posterior pair soon becomes cemented upon the mid- 
dle line, forming a single ganglion ; the second pair also unite with 
each other ; the third and fourth pairs, at first distinot, are speedily 
veiled by a lateral development, which arches backwards and con- 
ceals them ; the anterior pairs, at first very small, decrease in dze 
and become almost lost in the increased development of the pre- 
ceding pairs. 
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1257. Thifl is tepresented to some extent, in three views of the 
human brdn from an Embryo (Figs. 893, 394, and 395). The first 
(Fig. 393) IB aeon from behind; o, the optio lobea, or, as they are 
caUed, from their foui-lobed character in the human Bubjeot, corpora 
qvadrig»mini ; b, the cerebral hemispheres ; d, oerebellmn ; «, me- 
dulla oblongata. 

1258. The second (Fig. 894) and the third (Fig. 895) have the 
same letters of reference down to e; the second is a side, and the 
third a sectional (perpendicular) view ; g, the floor of the third ven- 
tricle \ i, olfactory nerve ; f, optic thalamus. 

1259. We see here a chain of resemblanoos corresponding with 
the progressive 'development observed in tlia htwer animals ; the 
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from bshltid. 

hnman brain passes throngh the phases of improving development, 
Thiob distinguishes the highest from the lower creatures ; and we 
are naturally led to the same conclusion with regard to the arcbi- 
teotnre of the human brain, that we are led to establish as the 
principle of development in the inferior creatures — that it is oom< 
posed of j>rimitive chords, primitive ganglia upon those chords, 
commisturea to connect the ganglia, and developments from those 
ganglia. 

The human brtun, therefore, may be supposed to consist of a 
number of elements, which are more or less diffused amongst the 
lover animals, and which in them constitute tlie several ganglionic 
masses that we find them to possess. 

The more widely these elements are diffused, and the more fre- 
quiSnt the repetition of these little brains, the lower the individual m 
the scale of being. 

Thns, the Nereit nuniia, irith its 1,000 ganglions, is lower than 
a Caterpillar ; which is, in its turn, lower than the perfect Insect ; 
for in the latter we find a greater oonoentration of the Cerebrum, to 
supply an increased number of organs of special sense, all of which 
have attained a higher, a more refined development. 

The organs of locomotion in the perfect insect have ^bo beoome 
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conoentrated ; hence the absorption of ganglions in the abdomen, 
where they are no longer wanted, and the deposition of increased 
nervous matter in the thoracic ganglions, where it is imperatively 
needed. 

These &cts are beautifully illustrated in the disparily of size and 
number of the nervous centres (ganglions) of the active Slugs and 
Snails, as compared with the passive bivalve-moUusca. 

It has been remarked, with great propriety, that, in the progress 
of his development, man passes successively through all those phases 
of existence at which the remainder of the animal kingdom, respec- 
tively, remain permanent 

He has never been, in reality, an Animalcule, an Insect, a Mol- 
lusc. Fish, or Reptile, but he has passed through the conditions at 
which they remain stationary. 

It has been shown that, in the development of the human brain 
and spinal chord, two nervous chords, unprovided with ganglia, first 
exist 

The next stage exhibits a single ganglion, an^ at this moment 
the human embryo is on the same plane with those animals in whom 
a sole ganglion becomes permanent ; as the ganglia increase slowly 
in number, so the embryo attains a higher rank in the scale of being. 

But it is equally true that, prior to the production of even a 
nervous chord, a still lower type was indicated, for, although the 
statement is somewhat humiliating to the " lord of creation," we yet 
commence our career in a form far less animai than vegetaite. At 
one period of the development of the ovum, a single cell exists ; 
presently it divides into two ; these sub-divide into four, and this 
process continues until the yelk consists entirely of a congeries of 
cells. * 

Now this IS precisely the plan upon which, as we have seen, 
plants owe their being, and in both kingdoms the primary cells are 
employed to organize the tubular tissues — spiral and lactiferous ves- 
sels in plants, nutrimental organs and blood-vessels in animals. 

The probability is that man possesses a stomach, not only before 
the advent of any portion of the nervous system, but prior to the 
formation of an intestinal canal, thereby reducing him to the level 
of the polypes. When the intestine is superadded, he has attained 
a* higher grade of development. 

Again, the stomach is completed, like that of the polype, with 
only one aperture ; when other cells are added, to form a rudimen- 
tary and short intestine, the septum (partition) becomes absorbed. 
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So, too, blood-vessels are formed, and the blood freely circulated 
long before the existence of a heart. This may be beautifully seen 
in the oya of Fishes, and especially in the egg of the domestic fowl, 
on the fourth day of incubation. 

But the character of this circulation is more nearly allied to the 
vegetable than to the animal kingdom, and closely resembles the 
circulation, or rotation, as it is called, so beautifully seen in the 
hain of many plants, Tradescantia, the cells of Ohara, Nitella, Ya- 
lisneria. Frog bit, &c. 

Still, in his early development, man maintains his supremacy, 
for, during these progressive changes which take place in secret- 
unseen — ^his external form is always human t 
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LESSON LXXXVII. 

NEBYOUS SYSTEM IN MAMMALIA AND MAN, CONTINUED. 

1260. The spinal chord of the aduU man (Fig. 896, 5, i) is 
smaller, compared with the cerebral mass contained within the 
cranium, than in other mammalia, and short, from the want of caudal 
prolongation of the trunk ; its posterior and middle enlargements 
(c, d) are conspicuous, and of a lengthened form, from the magnitude 
and number of the nerves which proceed from them to the sacral 
extremity ; the cauda equina (a, b) is of great length ; the motor 
roots (nerves of motion, 2, 1) and anterior columns are smaller than 
the sensitive, and the ganglia of the posterior or sensitive roots (k) 
of the spinal nerves are here larger than in other mammalia. 

1261. The medulla oblongata, though comparatively small, has 
its component fasciculi most deeply marked, and the quantity of 
internal ganglionic matter in the course forwards of these white 
fibrous fasciculi corresponds with their great development in the 
human cerebral and cerebellic hemispheres, where the convolutions 
(g) and laminso {h, i) surpass in number and depth those of almost 
all inferior animals. 

1262. It now only remains to ascertain the microscopical charac- 
ters which distinguish a nerve and a ganglion in all animals ; and 
these characters are found to be remarkably constant 

1263. The fine, white chord, called a nerve, when placed under 
the microscope, is found to consist of three tissues ; of these, the 
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outer one is & delicate, struotnreleHB sheath, called the Nei[r<dcinma 
Pi^ g^ (neuron, a nerve ; lemma, a sheath). 

1264 Within this sheath are the 
nerve fibres, aa they have been called, 
which are Kail; tubes ooutidaing a me- 
dulla, or pulp. 

1265. These ultimate tubes possess a 
struetureleaB sheath of extreme delieacj; 
thej are found composing the norvea of 
all descriptions ; belong as much to the 
gray, or cortical, aa to the white, or me- 
dullary subatanoc of the brain, of the 
spinal chord (where it exists), and of the 
ganglia. 

1266. The pulp, contained in the 
tubes, known as the " white Bubslance" of 
Sohawn, who first described it, is, when 
quite fresh, perfectly homogeneens, fluid, 
and viscid, like a thick oil, but every 
method known of preserving it, coagulates 
or otherwise alters it For this purpose a 
saline solution (eight ounces of salt, to one 
quart of water) appears to be the best 
adapted, as it clianges it the leasL 

1267. It has been remarked that ii 
readily dissolves in water (Hollusoa), 
leaving only a series uf empty tubes, and 
this is true even in the human subject 
Preparations of nerves, made for the mi- 
croscope, are subject to pressure, and 
under its influence the whole contents of 
the nerve tubes (in time) become squeeied 
ont 

1268. In addition to the white sub- 
stance of Schawn, these tubes contun ia 
their centre a tube of the most delicate 
transparency ; this ia called the «xi»- 

CsMbKHnplnil mils (hraln, apUud Cylinder. 

choni)ofa»ii. J269. A figure of the axis-cylinder 

obtained by pressure &om a preparation of the median nerve (human), 
is given in Fig. 897. The same preparation also displays the irfiite 
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substance (Fig. 898), obtained b; the same agency; notUng can exceed 
tlie transparency, combined with brilliancy, of these two last prepara- 
tions. It will be seen that the white substance consist^ of nucleated 
ocUb. 

1270. Another axis^jylinder, oontaining some oorposclesof the 
white substance, copied from the same preparation, la given (Fig, 



Alla-CTllndcr. 

800) ; it will readily be perceived that they differ considerably in 
size. A eommoti occurrence is, to find the asi»-eylinder with the 
vrhitc substance coTcriug the terminatioa of it (Fig. 400). 

1271. The appearance of the tubes of the median nerve is shown 
ia Fig. 401, the granular contents indicating the white substance. 

1272. The nerve tubes of the synipathetio system diffei* from 

Fio. Idft Fio. ML Pia. 401. 



mlutlan otuLi cjllnilcr. 

those just described ; firstly, they are so much smaller that they dO 
not exceed one-third the diameter of the former ; and, secondly, they 
do not present the two distinct substances within the tubular invest. 
ment, which has been shown to exist in the ordinary nervous tubuli. 
1273. A figure of the tubes of a sympathetio nerve is given at 
Fig. 402 ; the contents of these tubes appear to be perfectly homo-* 
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geneoiu, althongh, when treated with Metio add, they ezhilnt oell 
Duolei (a). 

1274 ta addiUoti to nerre tnbea, whiob, u before remarked, ant 
common to all nerres, ganglions poBaess solid oorpnsolea, liable to 
mncli variety of shape ; these hare been (erroneonalj) called " gan- 
glion globules," bnt when removed from the tlBBue many of them 
present an irregular figure, and are caudate (tailed). A fignre of a 
thin section of a ganglion of the neok (human) 
is given (Fig. 403) ; these corposolee are ex- 
tremely nnmeronfi, and, when seen in their nat- 
ural situatigu, have a reddish appearanoe. 



Jcnn^llanof 



ot the Bpiul etuiic, la 



Removed from the tissue vith which they are connected, these coi^ 
puscles are very variable in size and shape. 

1375. The ganglion corpuscles are common to the gray of corti- 
cal Babstance on the external sorfaoe of the Brain, and of all the 
ganglia, and the corresponding gray matter in the interior of the 
hoinan spinal chord. A view of these corpuscles, obtained from the 
latter situation, is given in Fig. 404 ; in addition to their oaudate 
terminations, these corpuscles also present nncleL 

1276. The remarkable constancy in the straoture of nerve and 
ganglion in the animal kingdom has been adverted to, and illoatra- 
tions obtained fr«m a class as low as the Insects will be sufficient to 
prove the statement. A portion of a nerve given off from the laat 
FiQ. 40^ (caudal) ganglion of a Cockroach {B. Ameri- 

cana) is jpven in Fig. 405 ; the Nenrolemma 
(nerve sheath) is distinctly seen on either ride 
(a, a), and within it the nerve tubes oontaining 
the white substance. 

1277. A section of the candal ganglion of 
Qui^ioD. B. Americua. the same iusect (Fig. 406) displays the nerve 
tubes greatly reduced in size, and the crowded ganglion oorpusolee 
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(a), which, in the preparatioD, are slightly red, as the; are in man. 
All the fignres of nerve tissue have been drawn under a tmft- 
fimrtli object glass, and to soale. 
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NXBTOOB BTBTEU IN MAMMAT. TA AND KAN, CONCLUDED. 

1278. VaacularU]/ of Nerves. — Neires, like mnscloe, appear to 
be highly vascnlar ; the Tesaels, however, will be found restricted to 
the outer sheath, and are not allowed to penetrate amongst the tubu- 
lar Btmcture. This rule also appUes to the brain, which is nourished 
and sustained, not by vesseb passing into the interior of its substance, 
bnt by a highly vascular membrane, the pia mater, which every- 
where snrrounds it. 

1279. Nerves, it is well known, always accompany the arteries 
and veins into whatever tissue they are distributed, but the nerves 
do not gain any advantage from their near proximity to arteries 
during the course of their joint dis- j^ ^ 
tribntion, fbr the nerves carry their 
own vascular system with them. 

1280. In good bjected prepara- 
tions the nerves will be found to have 
participated in the general success ; 
if one of these be diseeoted out, placed 
on a slip of glass, dried, and mounted 
in Canada Balsam, the probability is 
that an ^peaianoe will present itself, 
under the microscope, similar to Fig. 
407, which shows an injected nerve. 
On one «de of the sheath will be seen 
an artery (a), and on the opposite 
aide « rein (b), and these two vessels 
are connected by a series of capillaries (e), whioh ramify everywhere 
on the surface of the sheath. 

1281. Snch a preparation as the forgoing, is very instructive, as 
it teaches a lesson not eamly forgotten ; it demonstrates the peculiar- 
itry of the distribution of vessels in this particolar tissue, and enables 
one to detect a nerve, under oiiOuniBtatnceB in which it would other* 
wise elude detection. 
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1282. In ft portion of hnm&n perioardinm (the bag in whioh the 
heart h&ngs) very minutely injected, and presenting « most gorgeous 
sight under the microsoope, three sometiiiDgs are seen entering the 
tissue at a partionlu point, somewhat deep seated, and to some extent 
veiled by a plexus of capillaries belonging to that layer of tissue which 
OOTers them ; what are they ? Many circnmstanoea lead to the oon* 
olnsion that the ont«r vessel on one side {b, Fig. 408) is an artery, 
distrihatdng blood to the pericardium, and that the outer vessel, on 
the opposite dde (a), is the vein, receiving and returning the blood 
from this tissue ; but what ia the third something which lies between 
them ? Let ns examine it closely, and see if we can discover what 
it is ; two vessels make their appearance, one on either side of this 
something — the one Is muoh smaller than the other, and both appear 
to be connected with the capillary plexus (c) rami^ng between them ; 
no connection whatever appears to subsist between the outer vessels 



of the unknown tissue and the artery and rein outside of it ; the 
question henoe arises, tn what tissue is such a diatribntion a peculiari- 
ty? To this there can be but one reply— a narva — and tliis som»- 
thing which, in the dried state of the tissue, more nearly resemblea 
another blood-vessel, ia indeed the nerve which invariably aeoom- 
panies the artery throughout it« distribution. 

1283. If the circulation of the blood to a nerve be peculiar, it is 
no less so to the ganglions ; for an example, a copy is given (Fig. 
409) of a preparation of a sympathetic ganglion of the neok 
(human). 

1284. Here the art«ry and vein are not at all ocmnected with the 
tissue to be supplied, but the former, while passing in its course (f 
general distribution, gives off a twig (a) to the ganglion, whioh in- 
stantly breaks up Into a plexus of capillaries, which ramify all ores 
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the ^itire surface of the ganglion, and nltimatelj yield up their con- 
tents, by another twig {b) to the vein, which passes it into the jugu- 
lar vein, and thence to the heart. 

1285. Such, then, are the peculiarities which characterize the vas* 
cular system of nerves and ganglia, and by which they may be at all 
times recognized, as no such distribution pertains to any other tissue. 



•»• 



LESSON LXXXIX. 

0BGAN8 OF SPECIAL SENSE.— THE ETS. 

1286. Want of space in this small volume will not permit a full 
inquiry into the subjects which form the title of this lesson, but one 
organ, from its almost universal distribution in the animal kingdom, 
together with its importance, claims special attention — the Eye. 

1287. As far as our knowledge of it extends, Jbhe eye is strictly 
an optical instrument — a camera — ^and as capable of performing cor- 
rectly in death, as in the living organ. To prove this fact it is only 
necessary to remove, carefully, the posterior portion of the sclerotic 
coat of the fresh eye of a Sheep or an Ox, leaving untouched the 
retina. If the eye, thus prepared, be presented to any object, a mi- 
nute, inverted, and most beautiful view of the picture will appear 
upon the retina, arrayed in all its natural colors. If the picture so 
formed be magnified with a lens of moderate amplifying power (one 
inch, or 1^ inch focus), a very charming sight will be offered to the 
spectator. 

1288. A well formed visual organ appears to require the follow- 
ing parts : a transparent cornea, or outer covering ; an aqueous (wa- 
tery) humor ; an iris, or curtain of the eye, to limit and control 
the quantity of light to be admitted ; a crystalline lens ; a vitreous, 
or glassy humor; a pigment or paint, frequently but not always 
black, to absorb the excess of light which has entered the eye, and 
thereby give increased sharpness and intensity to the picture; a 
retina, or thin membraneous expansion of the optic nerve, forming 
the white curtain (similar to the ground-glass of a camera) upon 
which the images are depicted ; and finally, an optic nerve, whose 
function it is to transmit fi&ithfuUy to the brain, the full particulars 
of color, and general appearance of the picture formed upon the 
retina. 
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1289. That the oombination of these tissaes is neoessary to the 
production of vision, is evidenced bj the fact that they are all, or 
nearly all, found in various stages of modification, down to animab 
of otherwise lowly organiEation. 

1290. There are, however, many animals altogether destitute of 
eyes, and yet they are visibly affected by light. This is especially 
well seen in the Animalcules, Zoophytes, and others, where some of 
them (Hydra) s%Bk the light, and others (Actinia, and many other 
Zoophytes) contract their bodies, and shun its influence. 

1291. Plants, guided by light, open or close their flowers and 
their leaves, and follow with flowers expanded the daily course of the 
sun, or seek his light with branches and leaves slowly moving in the 
direction he takes ; yet they possess no nervous system, neither do 
the animals above mentioned, but both appear to be influenced by 
perceptions altogether unknown to us. 

1292. Some authors (Ehrenberg and others) have supposed that 
many animals, acknowledged to be destitute of a nervous system, 
possess eyes ; thus red spots seen in many (supposed) animalcules, to 
say nothing of otiier lowly organized creatures, have been described 
by Ehrenberg, as visual organs, notwithstanding that many of these 
have subsequently been discovered to be plants I 

1293. This red coloring-matter, so prominently developed in the 
lowest plants, as in the plant called ^^Bed snow;'''* the Prctococcus 
pluvialiSj found in rain-water ; the HcBmatococcus sanguineaj found 
frequently on stale bread ; is but a slightly altered chlorophylle, and 
into which it can be converted, made green. 

1294. These facts clearly demonstrate the fallacy of attributing 
the function of vision to the red spots, unless supported by more 
convincing testimony than mere color. Eyes sometimes have a red- 
dish tint from the red-brown pigment which shows through the 
transparent cornea. 

1295. The possession of eyes in the Radiate sub-kingdom, appears 
to be open to much doubt, notwithstanding that visual organs have 
been claimed for the Medusse, Starfishes, &c. 

1296. In the Articulata, on the contrary, there is no question 
of their very general development, although they are not found in 
the Epizoa^ generally, nor in the C^mpecb, at alL 
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THS BTZ IS THB ABHBLLATA, CBCSTAOKA, ItTBUPODB, AKD DHBCm. 

1297. In the Annttlata (red-blooded worma), eyes nre eoiutuitlj 
found, and in T&ri&ble number ; ibxia in the aererat gpemoa of Pin- 
naria, they r&ry from one to three purs, uid in one epeoiee {Prosto- 
ma armatvm) the bead is literally oorered viUi them. 

1298. In tbe medioinal Leech (Fig. 362) there are ten nmple 
eyes ; in Nereia nuniia there are foor large eyes on the upper part 
of the head, and nearly one hundred smaller risoal organs disposed 
in rows and gronps on all the prominent lobes about the montL 

1299. But in the higher forms of this class the eyes are reduced 
to twa In all these animals the eyes consist of a transpsrent cornea, 
a minute crystalline lens ; a pigment, not always, but generally blaek, 
and an optic nerre ; whether other organs are superadded is not 
known, the extreme minnteneBS of the eyes forbidding further inrea- 
tigation. 

ISOO. In the higher forms of Gruttaeta (Lobetets and Crabe), 
the eyes are pedunoulated and moTable, by means of muscles inserted 
within their solerotio oorering; in the inferior Cmstaoea, they are 
sessile (sitting close upon the body, wiUiout support) and immovable, 
and in the lower Crustacea the two sesnle eyes are frequently united 
on the median plane, and appear to form but one orgao [Mmocuius, 
Dc^hnia, &0.). 

1301. The eyes themselTee are oonstmoted on the same plan as 
those of Insects, hereafter to be described, with one remarkable ex- 
ception : the &oets in ibe transparent oomea of Insects are hexago- 
nal (see Fig. 420), but in the Lobster they are perfectly square (Fig. 
410), and resemble a mled glass micrometer; j^^ ^,^ 
moreover, it consists of a series of laminae 

(plates). It will be shown hereafter that in 
the Insect eye a great tendency to the square 
form of the &oet prevails, notwithstanding it 
is always found associated with the pure hex- 
agonal figure. 

1302. In the Hyiiapods (Centipedes, lu- 

lidm) the eyee of some species reaemble those ^'**"*SSSiMr™*^ 
of the Annellidee, whilst others approximate 
to the Inaeots; most of them present nnmerons aeparate simple 
19 
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eyes, grouped together on the two rides of the head. The eyes of 
Scolopendra (Centipede) consist eaoh of a group of about twenty- 
three small, distinct eyes, approximated and placed in lineal rows, and 
the aggregated eyes of lulus are also composed of several rows. 

1303. In Insects the eyes, like most other organs of the body, at- 
tain a high degree of development.; moreover, two kinds of visual 
organs are found in many of them, one series of eyes being adapted 
for loD^, and the other for short sight. The great Dorr-beetle, or 
May-bug, as the MeMoniha vulgaris (Cockchafer) is commonly 
called, is a familiar example of an Insect endowed with very short 
vision. Persons walking in the fields, especially at twilight at the 
latter end of the month of May, or during June, will find these In- 
sects constantly striking them in the face, and flying against other 
parts of their body, with so much force that the creature frequently 
fidk^ as if stunned by the concussion. 

1804. The facetted, or ^sompound eye, so conspicuous in all the 
perfect insects, appears to have but a short focal range, and even this 
difiers to a large extent, as may be seen by the superior and remark- 
able convexity of these eyes, in many of them. 

1305. Those insects which feed on the juices of plants, or ani- 
mals, require very short vision, as their food lies at their feet, and 
hence their eyes are singularly convex. 

1306. Amongst the predaceous beetles, longer vision is required, 
and the convexity of the compound eyes is greatly reduced. 

1307. The Bees, on the other hand, need telescopic vision to 
guide them in their long flights in search of honey and wax; but, 
when engaged in the act of collecting, or in makii^g, and hermetically 
sealing their beautiful oells, near vision becomes necessary, and hence 
much convexity of their compound eyes. 

1308. The telescopic form of eye, when present, is in the form of 
two or three single, distinct eyes, of larger siie than any of the fiusets 
of the compound eye, and placed in the best possible position for the 
exercise of their function— on the vertex (crown of the head). Cat- 
erpillars have only a variable nnmbw of these sin^e eyes, groi^^ 
together, however, as a common mass, with but a moderate interval 
of space between them. 

1309. Much disagreement prevails in regard to the true structore 
of the Insect eye, |ind of the three authorities who have chiefly ex- 
amined it, no two of them hold the same opinion. These authorities 
are. Marcel de Serres, Straus-Durckheim, and J. Miiller. 

1810. According to Straus, the epidermis continues over the ex- 
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posed snrfoce of the e;e, aa in eerpenta ; it ia oolorlen and traiupa- 
todL Beneath this tnnspareDt external oovering, ars plaoed the 
tranBparent &oeta, or oorsese of the Beveral minnte oomponnd eyee, 
and beneath this lat- 

, ., . , Tn.tll. Pio. 411. 

ter layer the oonieal, — 

transparent lenses. To 

render ike deBoription 

plain, a figure (aeoording 

to this anthoritf) is 

given (Fig. 411). 

1811. Thestraotnre 
of the iuBeot eye by 
Marcel de Serres, was 

rabeeqnentlVBapeneded BtmetiH of tba era or lU- UliUgroilewi ejaoTLDMl- 

V li _J^ X t lo1oalh.Tolp.rl»,8tr«u. Ink. 

by the BtatementB <d a. ContlDnoo.l.f«ortnii.. a Tn)in«ei>t «nM>. 

titraos, but a truer too- t. -Am oobImT tnnq-wmt o. c^k.! i«u. 
tory is given by 3. e. -nS^c fotutau, kb- fnlT^uLmt 
Miillor. ^^CSi^'™ " 

1312. He disoardfl 
the "epidermic covering of the oomea "of Straus, which really has 
no existence. 

1815. Beneath fte oomea, Hiiller found a minnte double-oonrex 
lens, possesedng (like the crystalline lens of man uid the higher ani> 
mals) two curves ; tbe flatter or shallower curve being placed iu 
fltont, and the deeper onrve h^ind. 

1314. The bases of the eonioal lensei, according to Straus, are 
perfectly flat, but HilUer found them to be oonvex, and that they 
touohed the greater onrre of th« crystalline leus, only at tiie o 
the sarronnding space being filled by the pigment. 

1816. To illustrate Uiis theory a figure is given (Fi^ 412). 
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1816. Hfiller, boirever, has not exhaast«d all the faots in relation 
to the structure of this important organ of sense. 

1817. Behind the homy substance of the transparent oomea, is 
a whitiA membraiie, divimble into laminn, or layers, which contains 
the orystaUioe Ioimb; i^h moderate care it may be detached, le- 



lint or tba 
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tuning the lenses in nto. In some Insects tiua membrane is partio- 

nl&rly delicate, and in these oases it is more likelj to remain attached 

to the transparant ooraea, shoiriiig the lenses, when vieired by traD&- 

mitted light, in the centre of the facets, sererallj ; this is shown 

from a preparation of the Fleah-flj (Mutoa camaria), Fig. 413. A 

beantifbl specimen of the membrane, detached, with the lensM, was 

obtained from a small GaterpiUat of this country, name unknown ; 

F,o.«i). » figure of it is given 
^^ ^^^ ^pj^ ^j^j j^ (^ 

specimen the lenses are 
of nnoBoal sice, the pos- 
terior Bur&ce bebg of 
great convexity. 

1318. The conical 
■IbIdi ttw leu- bodies are usually od- 
ored, but very delicate 
in texture, and possessing a semi-transparency. 

1319. They hare generally a faint yellow color, and they beoome 
decomposed in a very short time in water; neither e&n they be pre- 
served very well any bow; in spirit they contract so much as not to 
be visible, and in oUier preserving fluids it is extremely difficult for 
f^ „. ~ ... the well-praotised eye to detect them; 

hence they sbonld be Bon^t for in 
freshly cau^t inseots. 

1320. All authors agree in believ- 
ing the conical lenses to rapreeent the 
vitreous humor of the eyes of the 
hi^er *niniala^ a ^t confirmed by 
the difficult of preserving them. 

1321. They an undoubtedly con- 
vex at their large extramity, and in 
some insects (M. oaraaria) remarka- 
bly so. 

1S22. The optic filaments are not 
attached to &i» tcnninal points or api- 
ces of the cones as represented by au- 
thors, but, on tiie cantraiy, pass 9i- 
Gonial bodta* cod8 of . c»t.r- ^^'^^7 through their centre (6, Fig. 
a'coT"^ I'"'"- 416), and are sometimes seen pro- 

b. Optic ffluunL jecting through the large end (base 

of the cone). In Husca camaria, examined by a fourth object-^aas, 
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they appe&r to be of great Base ; tliej h&Te oonseqiieutlj been re> 
dnoed in the figure giren of tbem (Pig. 41ff). 

1328. In thp perfeotlj fresh state in which they were seen, each 
optic filament farmed a very beaatiful sight, poBBesBing, in every in- 
stance, an axis-cylinder; the white anhstanoe was too transparent to 
be visiblB. 

1324. The cones of the Caterpillar, above referred to, are atill 
larger (Fig. 416), and these have been preserved, fortnnately, in a 
saline solution, but they are opaque, and, whether the nervous fila- 
ment ent«rs the oone or not, cannot now be determined ; the bases 
of these cones are mnch flatter than those of Musca. 

1325. The mode of ooonectiDg tt^ several lenses of the compound- 
eye of an Insect with the f„ 417 

brain, ia shown in a figure 
copied from a preparation 
of the brain of Blatta 
Americana (Fig. 417). 

1326. Theinferior por- 
tion of the brun, or infra- 
cesophageal ganglion, can- 
not be seen in this Insect, 
in viewing the brain from 
the tipper surface, because 

it lies immediately below Bnin, Biuti Ameriouuu 

the supra-<Mophagealgan. * ?£:^XS/^'ISS„^;r,M^'rbe^ 

irlion, and, beinir much * *•?"" 81™"*""** one of wUofi i* la «nin«!tiaD with 

c ' ' B - Hch ludlTldiul ejt. 

■mailer, is oonoealed br ^ E^«en«'i aitanii oornu. 

' ■' «. Antanneil urTH. 

it and OUl Onlv be SOeU /■ ^im' <»ni»aUBg ma bnla wlUi ths flnt thoTuIo 

"^ glUgUOtL 

from ^vnder surface. 

1327. There is one ftot in oonneetioo with the oomponnd eyes 
of Musea oamsria, that has escaped the observation of the authori- 
ties, namely, that all the important elements 

of a visual oi^an rest upon and are supported 
by an ^gregated arrangement of &t lobules, 
of exquisite beauty, and, as nugbt be expected, 
existing in a state of the most perfect analysis. 
A figure of these lobules is given (Fig. 418), 

1328. When the plan of conneotion of ihe ruiubuiaaf uuer". 
oomponnd, or &oetted eye, with the brain is **■ t""*^ 
Considered, it is not diScolt to understand its action ; each individ- 
ual organ transmitB to the optio lobe a picture of what it sees, and 
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the oonibinaiion of a yast -nmabei of detaohod portioiifl of eren a 
large jdoture makes upon the optic lobe a perfect and undmded 
whole, the imprenrioa of which ia oonyeyed to the brain by the optic 
nerve, not as a diyided, bat as a single jaetore. An Insect, there- 
fore, has no business to know from any prsetical results that it pos- 
sesses more than a single eye on each side of its head. 

1829. The necessity for such a vast number of distinct oigans 
of vision, is a consequence of their fixity of position; it is essential 
for their well being, to guard and protect themselyeft from their nof 
merous enemies, erer ready to destroy them, that they possess vision 
in every conceivable direction, and the predaceous varieties require 
a no less perfect development of the organ to enable them to discern 
their nimble prey. The large extent of sur&oe occupied by the 
coaqwund ^es, friUy B&ots this desirable object; above, below, be- 
fore, bdiind and laterally, asleep or awake, are an infinite number 
of vigilant guanUans, never.dosed nor veiled by eyelids, but ever 
on the alert and ready to give the alarm. 

1830. The number of distinct organs in the &cetted eye has been 
computed (by the aid of a micrometer), by those persons curious in 
such matters, thus : the House-fiy possesses 4,000 ; Libellula (Dragon- 
fly), 12,554 ; Papilio, 17,855 ; Cossus ligniperda, 11,300 ; Mordella 
(a small beetle), 25,088. 

1881. Hurs are frequently found connected with the compound 
eyes ; they are placed in the depressions between the comesd, and 
afford protection (like eyelashes) to the organs. 

1882. Bees have to enter the expanded cup of flowers, in search 
of the nectar ; their eyes might suffer abrasion and become opaque 
from the frequent contact with the petals, or they mi|^t be obscured 
and rendered useless by aggregated pollen massea But no such 
contingencies can occur to them, in consequence of the protection 
afforded by their eyelashes. 

1388. The telescopic, or simple eyes, are differently constructed. 
Usaally, thesa are^of great siae, as conpywred with any of the focets 
of tbe compound eye. 

1884 Immediately behind ihe hemispherical, convex, trans* 
parent cornea, is a well-shiqped, double*convex, orystalline lens. 
Like those already described, it possesses two curves, the deeper 
one being behind. This latter surface fits accurately into a vitreous 
humor, the posterior portion of which is rounded, and is received 
into a bowl«ahiqped expansion of the optic nerve— a true retina ; in 
i^dition, there is a chordd coat, and a pgmentary layer, so that all 
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ike ilementi ftn Eiwe foond of a well-dereloped rigaai otgaa. A 
optie Derre U given to «aob eimple eye, which kt onoe tnuM- 
to th« brain tiie iuuge fbrmed upon the retina 
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1335. To sbov the ooimeatioii of the optie nerres of the Bingle 
eyes with the brain, a flgore, copied from l preparation of the broia 
of MbQtiB religioBB, is giren (Fig. 419). The large, weU-formed 
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oerebrnm is shown at a ; posterior to whieh, at some distsnoe, the 
oerebellum (b) , is seen ; the ornra, which connect the two hemispheres, 
are marked e, e ; the op^c nerre of the oompound eye is shown at d ,* 
the optio lobe ia marked «; the optic filaments, whieh spring tram 
the optic lobe, are shown at/,- the nerves distribated to the antemus 
at h ; Uke <^tic nerves of the simple eyes at i, i ; and the bowl- 
shqted retinal expansion of optic nerrcs of the simple eyes at k. 

1886. From the mathematical flgare of its several component 
parts, the transparent cornea is an important part of the optical 
^paratns. Authors have not agreed with regard to its figare ; some 
claim it to be planO'^oiiTex, tiic plane snrfitoe within ; othera aaaert 
that it is doable-convex ; whilst the tmth appeara to be that It is 
DMther, hnt, like the hnman transparent cornea, it is a t 
(from the Oreek, ngniQring a KtSs moon] ; in other words, it is « 
vex on its onter sorfitoe, and oonoave within. 
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1S37. The ctystalline lenses fit into the ooBoare Bnrfeeea of the 
eomea, but how aconratel; is not known, nor whether a spaoe is 
reserved for an aqueous humor — these, at present, are matt«n of 
oonjeeture. 

1388. From the fact that the pigment, which limits the aperture 
of the lens by coating its sides, from the oireomferenoe towards the 
centre, and thus forms an iris, there is great probability of the 
presence of an aqueous humor. 

1339. If a carpenter had to fill a {j^ven space widt boxes of uni- 
form aise, he must adopt one of three mathematical figares : tb^ 
must be either eqnsre, triungiilar, or hexagonal — the first and last 
are used ia the formation of the oornese of insects. 

1340. The eyes in the oentre of the facetted org^ are always 
the largest, and most perfect hexagons in form. As they approach 
the margins, they begin to assnme a square farm, which, at ihe ex- 
treme edge, is perfected ; so that both these figures exist in the same 
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eye, chiefly, it would appear, for the economy of space. This is well 
shown in the transparent cornea of Mnsca camaria (Fig. 420) ; first 
we see the perfect hexagons in the oentre of the eomea ; secondly 
(Fig. 421), the gradnal change to a square fiirm ; the prooess of 
change ia still further oontinued, tlU at last a series of perfectly 
square eells are formed (Fig. 422). 

1841. In the cornea of a Beetle a similar arrangement ooeurs, 
but the square cells are not so sharply formed ; so, too, in ihe Dra^ 
on-fly, although in this insect the hexagons glide into par»UelogTams 
rather than squares, the like arrangement generally prerails ; but 
there are exceptions. 

1342. Such may be the etmotnre of the eye in some insects, but 
some important difi'erenoes, not yet recorded, occur in the eyes of 
other insects. A large Beetle, Prtonus hngimanus (its specific 
name Kgnifying " long arms," and applied to the great length of the 
'first pair of legs), oommonly known as the " Harleqoin-beetle," fhim 
the many colors it possesses, and the peouliartty ni their amnge- 
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ment, hu oomponnd eyu of tmiunml nn, and yridoh aSei gre&t &o3- 
ities for atadjing the Btraotore of the tnui8|»rent oomok, and espe- 
mtJly of the lensea. 

1343. It hu been already remarked that the cornea is lined with 
a membrane, to the posterior portion of which the crfBtalline leoKS 
are attaohed, and remoTlug this from the cornea of Frionos, and anb- 
mhliiig it to the microBoope, an interesting scene presents itselt 

1344. The lines which separate the comesa severally, are etronj^y 
marked ; the cells are, generally, perfectly rotmdj although those to- 
wards the margins are oral, and quite flat ; these cells are so many 
open boles (Fig. 423], as if to admit the anterior portion of the trae 
crystalline lens ; moreoTer, b^g smaller, they act ai itcps to a sbno- 
ture yet to be described. 

1346. If we now examine the cornea from which this membrane 
has been detached, a very remarkable sight meets ns. 

1346. The cells, or the transparent spaces of the cornea, are fill- 
ed with a series of orystalline prisms, ^^^ ^^ 
which stand ap for above the level of 
the membrane in which they are situ- 
ated : some of tliem are rotand, others 
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Oral; hexagons (six udes), pentagons (fire ddes), cubes, and eren 
triangles, are all represented in one or other of these prisms (Fig. 
424). They appear to be so firmly impacted in the c^, that it is 
only reasonable to suppose that they fit it aoourately ; in tliis caae 
the anterior portion must be oonvex, fitting the ooncave inner surface 
of the oomea. The terminal portions now presented to the spect^ 
tor, and which were applied to the ronnd holes of the membrane 
removed, are perfectly flat, bat much larger than the found holes, 
which, as befbre remarked, act as stops. This would give a series 
of plano-convex lenUoular bodies, sealed up, as it were, in the sub- 
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stance of the tntnsparant oornes — a Btnictnre that may (anddonbt- 
leas does) prevail to aome extent in iiweote, and jiuti^ the peooliar 
figure of the oomea of the Uelolontha ralguna, ^ven by Slraiu- 
Dorckheim, and of Llbellula by Uiiller. 

1347. These prismatio, or lenticular bodies, are wider at Ijieir 
anterior than at the posterior extremity ; they paBBeas precisely the 
appearanoe that a human orystslline lens, preserve^ in aloohol, pre- 
sents — they transmit light, bat hare lost the power of defiiung oh- 
jecte ; at best, they now posseaa bnt semi-transparenoy. 

1348. It must be understood that this arrangement of lenses 
(rery like a Stanhope lens), in the transparent oomea, is in addition 
to the double-convex lens, vitreous humor, &e., neither of which 
were preserved in the beetle in question ; it had onoe been in spirit, 
bat had beoome dry long prior to dissection. 

1849. At the margins of the oomea, the lenses hare in aome 
instances fallen out, and display the entire depth of it admirably. 
The homy transparent portion is thin, bnt the partitions betweoL 
the transparent portions have great snbstanoe, tiins leaving de^ 
cells for the reception of the lenticular, prismatio bodies. 

1850. Probably a transverse section of this cornea, nndissect^ 
would hare present^ a figure very similar to that of Straus and 
Muller, both of whom agree in making this portion of the compound 
eye of insects of groat depth. 

1S51. They only differ in one respect, as regards this tissne : 
Straus says it is plano-convex ; Moller, that it is double-convex. 
Pis. 42tk 1352. These preparations, theref<Me, demon- 

strate tliat the homy layer which fomia the txans- 
pEtrent cornea is eoncaro-oonrex ; instead of bdng 
of great depth, as represented, it is a Hun layer ; 
that the interspaces between the &oete of this tis- 
sue descend, to a considerable space, in tiie pos- 
terior direction, thereby Wring long and deep 
cells for the reception of the plano-oonrex 
prismatic crystalline bodies ; that these are shut 
in by a layer filled with round holes, smaller than 
the plane sur&oe of these prisms ; that the ul- 
terior part of the trae crystallbe lens passes 
through these round holes, the large margins of 
which cut off the light, and form a kind of iris ; 
and that the posterior portion of tiie last men- 

SeoUon of tba «r« of , , , . , , . , , i 

PrianDsiwctmiBu tioned lenses, with their deeper oorre, tonoh the 
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ooaveoc part of &• oonieil Titieous humor, the iqpaoe around ike 
point of contact being filled with pigmentary matter. 

1858. This is illnatrated by Fig. 425. The convex portion of 
the fomsparent cornea is shown at a ; the concave sorfaoe of it at 
I; the descending walls of the cornea at c; the prismatic bodies, 
that are included in its substance, at d; the posterior layer, which 
enoloses the prbms, at e ; the crystalline lens is shown at // its 
posterior portion, in apposition with the conical vitreous humor, at 
g ; andthe corneal vik^us humor, A. 
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LESSON XOIII. 

THE STX IS ASAGHNIDA, MOLLDBCA, AliO) FISHES. 

1854. In the Arachnida, the simple eyes are the largest and 
most perfect forms of ocelli met with in the articulated classes. In 
the Spiders they are generally eight in number, arranged symmetric 
cally in one or two transverse rows on the upper and forepart of the 
cephalo-thorax. The largest forms of these organs are met with in 
the Scorpions, in which they have been the most frequently ex- 
amined. 

1855. Beneath the transparent cornea, in the eye of the Scorpion, 
there is a spherical, firm, transparent lens ; beneath this, a vitreous 
humor, which fills half of the eyeball, surrounded by the pigmentum 
and the choroid, excepting on the forepart, where it bounds the pupil 
like an iris, and on the back part, where it is penetrated by the 
optic nerve. The optic nerve expands into a well-formed retina, 
investbg all the convex posterior portion of the vitreous humor. 

1856. Organs of vision are not required, neither are they devel- 
oped in the fixed or slow-moving Molluscous animals ; and in those 
individuals of this class which possess thom, they are not aggregated 
together like those of the Worms, the Myriopods, or the Arachnida, 
neither are they compound organs, like the eyes of the Crustacea and 
Insects. 

1357. In the Gasteropods the eyes are always two in number, 
movable, and generally pedunculated — ^frequently found at the sum- 
mit of one pair of tentacles, as in the Slug and the Snail. Some of 
the naked Gasteropods, as the Eolis (Fig. 268), the Doris, and 



300 anhul PHYsioiOQT. [lesson 93. 

others, Bppor to be deatitote of eyes ; in the naked Apljua they 
are but minute black dots. 

186S. In some of the Gasteropods (Harpft elongata, Fig. 381) 
the ejes are placed on tnberolee, at the bases, or near the bases of 
the tentaoles. Such is the arrangement in the beaatiinl Cyprea 
Hgru from the South Seaa (Fig. 426). 

1859. In this animal the two long tentacnia (a, a) present, near 
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their bases, two prominent, ronnd, black, and movable eyes (c, c), 
with Bmtx>th, transparent, glistening cornese. The tentacula being 
placed above the mouth (b) and in front of the syphon [d), the eyes, 
which are raised on tubercles at some distance from the base of the 
long, slender tentaoula, bare a considerable range of vi^on. Above 
the expanded foot (jr, g) is seen tbe inner snr&ee of the mantle (e), 
tamed np over a portion of the shell (A), and covered with small 
ramified tentacular extensions (/), which warn the animal of danger 
from behind. 

1360. Iq the Carinaria MtdiUrranea the opdo nerves are seen 
pasdng directly to the eyes from the cerebral ring (Pig 380, •). 

1361. In the general plan of their formation, the eyes of the 
MolluBcouB animals form a near approach to the ordinary condition 
of these organs in Fishes, and the higher vertebrated classes. 

1362. In all the vertebrata tlie eyes are two in number, and 
synuaetricallj disposed on the sides of the head, and the differenoes 
which they present relate chiefly to the density of the media through 
which the variouB animals receive the rays of light, and the extent 
of development of the external protecting parts of these delicate 
organs. 

1863. From the imperfect development of the nervous system in 
Fishes, and the obscurity of the element through which they move, 
their organs of vidon are of great siie, and, from the density of the 
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watery medinm around them, the; have little ueoessit; for an nqaeons 
hamor, and their cornea is flat. To preserve this fl&tnesa in front, 
the Bclerotie coat is thickened and consolidated ; and it is also to 
prevent its asenming the spherical form in Birds, by the equal pree- 
sure of the contuned floids, that the sclerotic is there strengthened 
with bony platee, which preserve the tubular form of the eye, and 
the great convexity of the cornea in that class. 

1364 The crystalline lens in Fishes is composed of minute trans- 
parent fibres, disposed in concentric layers, and united Fio. m. 
by their serrated edges, as seen in the Codfish (Fig. 
427), the layers increasing in density &on) the aur- 
faoe to the centre of the lens. 

1365. The organs of vision are smaUest in Buoh 
Fishes as burrow in the mnd and sand ; they are 
Ureer in predaoeous Fishes, which frequent the dark 

, , , , , . , , . , ., FlbrejoflhB myi- 

deptbfl of the ocean, than in those which reside on t*]u»iuii,ood&ih. 
the shallow coaata, or in fresh waters. Uiliaiy prooesses are rarely 
devel<^ied ia this olass. 



LESSON XCIV. 

OB&ANB OF TIBION m THE BIQHBB ANDCALB 

1366. As the eyes, we must henoeforih consider, possess a more 
oompUcated strnoture than the organs hitherto examined, it appears 
to be desirable to give s brief enumeration of the parts which ool- 
leotively form a visual organ in the higher animals. 

1367. The globe of the eye is composed of tunica and htanora. 
The tnnica are three in number, the 

1. Sclerotic and cornea. 

2. Choroid, iris, and ciliary prooeases. 

3. Retina, and eonola ciliaria. 

1368. The solerotio {akleros, hard) and cornea form the external 
tonic of the eye-ball, and give to it its peonliai form. The sclerotic 
is much thicker behind than before ; it is pierced at its posterior 
aurface by the optic nerve, ciliary nervea, and arteries. The cornea 
is attached to its anterior part, by means of a bevelled edge ; its an- 
terior surface is also covered by a tiiin tendinous layer, the tunica 
cUbuffinea (white tunic), which is covered for a part of its extent by 
the mucous membrane of the front of the eye, the coty'uncHvt mem- 
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braoe, or oonjaDOtiTa : Book is tbe brilliano; of its vluteneBB tt this 

part, that it is commonl; called " tho white of the eje." The ood- 

JnnctiTa (hnroan) ii a tissue of great vaamlaritj, and a figure of it, 

copied from a preparation, is gtren (Fig. 

428). The portion of the prepanUioD 

selected for iUuBtratioD, is where the 

membrane ai^roaobes the nutr|^n of the 

upper eje-lid ; in Has Bitoatiou (seen at 

the lower part of the figure) die oapQ- 

laries are very miimte, and densely ag* 

gregated — the g«ien>l snr&ce of the 

0»]micU«ipl«tod.l.un«L niembrane {of both lids) Is covered by 

arteries, veins, and loosely scattered ot^illaries, snob as fbrm the 

greater part of tin figtire. The GonjimetiTa still lines Hie iqiper and 

lower eye-lids, upon iriiiok it is diq>layed ; and so dense and minute 

is the arrangement of the oapHIary plexuses along ibe line of the 

lids, that, to nnasdsted vision, they appear to consiat of simple linea 

of intense redness. 

ldQ9. The choroid is a vasenlar membrane of a rich ohocoUte 
brown color upon its external sar&oe, and of a deep black color 
within. Externally it is connected to the sclerotic coat, internally 
to the retina. It is piereed posteriorly tot the passage of the optio 
nerve, and anteriorly it ia connected with the iris, ciliary proceeaes, 
and jnnction of the cornea and sclerotic, by a dense white stmcture, 
the nUary ligament, which sononnds the droumfeTsnoe of the iris 
like a ring. 

1370. This membrane is composed <^ three layers : — I. An ex- 
ternal or vmout layer, which consists of veins arranged in a pecoliar 
Bannw, sailed vmia voriicoem. 2. Middle, or artMial layer, is 
formed by the ramificationB of minute arteries, and Beeiotes upon its 
sarface the pigmentum nigrum. 3. Tbo internal layer presents a 
beautiful appearance under the minvscope ; it is oompoeed of several 
laminsa of hexagonal cells, which contun the granules of pigmentnm 
Digram (Maok paint). 

1371. Id animals the pigmentnm nigrum is replaced by a layer 
of eonaderable extent, and of metallic brilliant^, called the tapetom. 

1872. Tbo iria (a rainbow) is so called from its variety of oolor 
Id difiierent individuals ; it forms a curtain or septnm (partition) be- 
tween the anterior and posterior chambers of the eye, and is pierced 
in its centre by a eircular opening, called Uie pnpiL 

1373. The dliary proe§si«t consist of a number of highly vaaca- 
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lar, triftDgoUr folds, formed (appuently) 1^ the pUiting of the in* 
tenial Uyer of the choroid. The; are about sixty in nnmher (in 
man), imd may be divided into lai^ and small, the latter being 
utnated in the spaoes between the former. These prooessee are 
ooTered by a thick layer of pigmentnm nigmnL 

1374. The rriina is the expanded porMon of the optic nerve, and 
is the medium, eqniralent to the ground glass of the Camera obscora, 
iqion which all images seen by the eye are punted. Notwithstand- 
ing its extreme delioaoy, it consists of thne laytrs ; these are, the 
external, or Jacob's membrane ; middle, or nerrooa membrane ; in- 
ternal, or vaaonlar membrane. 

1S75. The amula oUiarit is a thin vasonlar layer, which con- 
nects the anterior margin of the retina with the ciroumferenoe of the 
lens. It presents vpon its sor&oe a number of small folds oori^es- 
ponding with the ciliary processes, between wbii^ they are received. 

1376. The bohoks of the eye are also three; these are, the 
aqueous humor, situated in the anterior and posterior ehambers of 
the eye. 

1377. The anttrior chamber b the space between the comes in 
front, and tiie iris and papil behind. 

1378. The pogt«rior chamber is the narrow space boonded by 
the posterior surface of the iris and pupil in front, and by the ciliary 
processes and lans behind. 

137d. The cryttaHint humor, or lens, is situated behind the 
pupil, and is surrounded by the ciliary processes, which slightly 
overlap its margin. It is more convex on the posterior than on the 
anterior snr&ce, and is embedded in the anterior part of the vitreous 
humor, from whioh it is separated by the g^ ^at. 
hyaloid membrane. It is invested by a 
proper capsule, which contains a small 
quantity of flmd, and is retained in its 
place by the attachment of the sonula 
ciliaris. In its ultimate stmoture the 
crystalline lens consists of a multitude of 
fibres, the edges of which are wavjr, or 
nndulate (Fig. 429). In other animals M^'taf^ 

they are serrated, and by this means look 

... , » «.. ■ Flbrn of tt« eij* 

mto each other, and form a tissue. Thu uuiiw luu, bnmu. 
can be seen, in the higher snimalB, in the fibres of the Ox (Fig. 430). 
1380: The vitreous humor forma the principal bulk of the globe 
of the eye. It is enclosed in a delicate membrane, the hjgaloid, 
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whioh sends processes into its interior, forming cells in whicli the 
humor is retained. A small artery may sometimes be traced through 
the centre of the vitreous humor to the capsule of the lens. 

1881. The sclerotic coat is a tunic of protection, and the cornea 
a medium for the transmission of light. The choroid supports the 
vessels destined for the nourishment of the eye, and by its pigmentum 
nigrum absorbs all loose and scattered rays that might confuse the 
image impressed upon the retina. The iris, by means of its powers 
of expansion and contraction, regulates the quantity of light admit- 
ted through the pupiL 

1382. The iran^arent comeay and the humors of the eye, have 
for their office the refraction of the rays in such proportions as to 
direct the image in the most favorable manner upon the retina. 

1383. Such, then, are the several parts, and such their uses in 
the eyes of the higher animals, and it only now remains to point out 
the peculiarities of structure which distinguish classes, or the indi- 
vidual members of classes in the ascending scale of being. 
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LESSON XOV. 

THE EYES m BEPTILES, BIBDS, AND MA¥MATJA. 

1384 The eyes of Reptiles are more fitted to receive the rays 
of light from the rare medium of the atmosphere than those of 
fishes ; their cornea is generally more convex, their aqueous and 
vitreous humors more abundant, and their lens less spherical in form ; 
they also possess two movable eyelids, and a membrana nictitans (a 
thin membrane, drawn rapidly across the front of the eye, by which 
its surface is wiped, and obstructions removed ; the exercise of this 
organ is said to simulate winking). 

1385. In many of the Crocodilian reptiles, and the Tortoises and 
Turtles, the sclerotic, at its anterior part, supports a circle of osseous 
plates, which surround the transparent cornea, as in birds (Fig. 
431). These plates around the cornea existed in the Ichthyosaurus^ 
and are found abundantly in the fossilized condition. 

1386. In the eye of a Tortoise {Emys Eurcpcea, Fig. 432) the 
cornea (a) is pretty convex, from the abundance of aqueous humor 
(i) in the anterior chamber, and the margin of the cornea is sup- 
ported by ten osseous plates (Fig. 431), imbricated like those of 
birds, and placed in the anterior part of the sclerotic (d, d)^ near to 
the ciliary processes (/), and to the fixed margin of the iris (e). 
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The cryatallme lens {g) Haa a compressed Fia 

dliptioal form, and a. Bmaller axis than 

the Titreous hsmor (A). Tbe retina 

terminates viA a thiokeued edge at the 

beginning of the oil- ^^^ „, 

iary proceaHee, and a 

nmilar straotore is 

preeented in most of 

the Ohelonian rep- 

tliea. Bony plitMoftlwm Eve of EmviEuropiec 

1387. In the '"S'p"!— ^B^ 
Snapping Tnrtle, the middle ooat of the choroid presents a tuagnifi- 
oent spectacle, when its Tossels have been minntely injected, a figure 
of vhioh is given (Fig. 433), copied from & preparation. 

1868. The posterior part of the choroid, it will be seen, is pierced 
tor the transmission of the optio nerve (a) ; it is called the foramen 
of Soemmering. 

1389. It will be seen that the vessels at this part are very mi- 
Date, and that they gradually and steadily increase in sise to tbe 
anterior portion, jnet below tlie ciliary processes. At this point they 
Bssome a very beautifitl urangement, and one that is peculiar, as 
compared with other choroids. 

Fis, 4S8. rro. 4U. 
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1890. The ciliary processes are also well developed in this Tiu> 
tie (Fig. 434) ; they are, however, remarkable for their shortness 
and thickness, as compared with the same organs in other animals. 
The lower part of this preparation joins the npper part of 433. 

1391. In Birds the round pupil is capable of great and rapid 
changes of dimension, aided by the remarkable mobility of the iris. 
This highly movable and bright colored iris, with its blaok uvea (the 
posterior coat of the iris), appears sometimes detached from the firee 
anterior margin of the choroid, and its colored surface presents ag- 
gregations of minute globules, like those of the choroidal pigment. 

1392. Birds possess a membrana nietiians, very perfect upper 
and lower eye-lids, which are provided with tarsal cartilages and 
Meibomian glands, and even eye-lashes, in addition to the necessary 
muscles for their elevation and depression. 

1393. The eyes are large in most of the Herbivorous mammalia^ 
especially the ruminantia, the rodentia, and most of the pachyder- 
mata (thick-skinned animals), and also in most of the nocturnal 
species. They are very small, even in the adult state, in the bur- 
rowing animals, as Moles, Shrews, &o. 

1394. The same circumstances which modify the form of the eye, 
and the proportions of its refractive parts in other classes and ani- 
mals, affect the organ in this ; thus in the visual organ of swimming 
mammalia, there are many affinities with the eyes of fishes ; those of 
bats approach those of birds ; and intermediate forms are allied to 
the eyes of reptiles. 

1395. In Cetaceous animals, which constantly reside in water, 
and receive the rays of light through that dense refractive medium, 
the eyes have little aqueous humor, the cornea is flat, the crystalline 
lens is large, dense, and spherical, and the vitreous humor is less 
abundant than in terrestrial quadrupeds ; and in order to preserve 
this flatness of the forepart of the eye, the sclerotic coat, like that 
of fishes, is thick, firm, and elastic, especially over the back and the 
anterior parts of the eye. The sclerotic is an inch thick at the back 
and the anterior parts of the eye in the Whale. 

1396. The large eye of the ruminantia, and of most other her- 
bivorous quadrupeds, often presents a greater lateral than vertical di- 
rection of the transparent cornea, the pupil, and even of the entire 
eye-ball, by which the lateral range of vision is extended in these 
timid and watchful animals, during the inclined position of the 
head. 

1897. The visual requirements of these animals are peculiar; 
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when the bead is bowed down to tbe groond, and tbe creatures are 
oocDpied in cropping tbe berbage, micrtwcopio TiBion is required ; bat 
when geetdng tbe beat paBtores, or keeping a vatohfnl look-oat for 
fear of Horprisei from their natoral enemies, tbe fbline ipeoiee, tele- 
scopic vision is cseeutiaL For this purpose they poesees a gevartth 
mutd« to the eye-ball— one more than belongs to other animals — 
Haa is called the retractor muscle, and its office is to draw the eye- 
ball back into the orbit, thereby effecting great alteration in its focal 
capabilities. The eyes of a dead Cow, or Sheep, are generally re- 
tracted deep into the orbit, by the contraction of these mnsolcB. 
This mnsole may be fitly compared to tbe coarse adjusting screw of 
a microscope ; the fine adjustment haa yet to be explained. 

1398. While the muscles of the eye in all animals contribute, by 
their action, in altering tbe focal length of the eye, tbe last aot, by 
which thorough sharpness of definition is acquired, is reserved for 
the eiiiary processes. It has been stated that these bodies impinge 
upon the crystalline lens, at its margins; in j,^^ ^^^ 
addition to being highly Tasonlar, they are 

also provided with erectile tissues, and when 
tbe capilUries are distended with blood, tbe 
processes become erect In ihh condition 
their combined action slightly moves the lens, 
by which means tbe last process of perfect ad> 
justment prevails, and is made complete. 

1399. Tbe ciliary processes of the rumi- 
nant are without parallel in the animal king- 
dom ; they consist, even in the injected Btat«, 
of a vast number of folds (Pig. 485), and 
when straightened out by tiie action of the 

erectile tissue, they must exercise an unusual '^'''*" precewea, ot 
influenoe en the poution of the lens. 
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THE ETSS m UAUIULU AND HAB, CONTnrUER 

1400. In tbe Feline animals, the ciliary processes are beantifally 
developed, and more nearly resemble those of Man. 

1401. In the domestic Cat (Fig. 436), they consist of a number 



a08 ANIKAL FHYSIOtOGT. [lBSBON 98. 

of pUtee, of great breadth at their anterior portion ; the Teasels at 
the posterior portion grulaally glide Into the vesseb (arteries) of 
the middle layer of the choroid. 

1402. The veins (reoffi Torticosee) of the external membrane of 
the choroid, are well seen in a preparation of them from the Dog (Fig. 
437). Some of them are of luge bIm, and all of them (in the prepa- 
ration) distingnlshed by great roundness. 

1403. But it is in the visual apparatus of Man, organiied for 
aeeing in the oreot position qiF the tmnk, that we find the moat oom- 
plete protection of the orbits, by solid oeseons parietes, and the 
moat pwrallel direction of thoii axes. Shaded externally by the eye- 
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brows, which are mored by their prop^ muscles, and protected by 
two highly morable eyo-lide, which continue over the forepart of the 
organ, the human eye presents only a amall mdiment of the third 
eyo-lid, or membrana niotitane, so highly developed in most of the 
inferior vertebrata. 

1404. The eye-balls are nearly Spherical in form, with their axes 
parallel, and perforated behind by the optic nerves ; they are sup- 
ported on the back part by a large deposit of adipose Bubetauoe (&t), 
and are moved by four recti (straight), and two oblique muscles. 

1405. A longitudinal section of the human eye will be found 
at Fig. 438. 

The function of the optio nerve is to inform the brain of all the 
details of form, color, &c., of any object pictured upon its thin es- 
panrion, the retina. 

The tubes, or fibres, as they have been erroneously described, 
which enter into the composition of an optic uerve, deonuate (di- 
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Tide, istermiDgle) with the tabea of the other optio nerve. Bj this 
arrangement, an object seen by one eye has its history g^ven, simnl- 
taneously, to that part of the brain vith which tiie other optio nerre 
commuaicatee, directly through its agency. 

If one eye b^ closed, by the hand or a bandage, objects seen by 
the open eye ar^not sharp and distinet, because it has lost half its 
ordinary power. 

In looking through Telescopes and Microscopes, it is moat impoi^ 
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tant to keep both eyes open, and this oan easily be done by turning 
Hie head aside, and thns diverting the axis of Tisioo. Those persons 
trho shnt oae eye never see an object distinctly, and what is worse, 
they have created pun in both eyes ; the open one has been strained 
to do impossibiUties, and the closed eye intensely ezoit«d bnt not 
permitted to be active. If properly managed, the spectator wUl 
have a dear view of the object in tite microscope, and distinctly see, 
at the same time, objects on the table, and at a iride angle. 

1406. The ciliary processes may be seeo in two ways, either 
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hy removing the iris from its attachment to the Oiliuy ligamest, 
when a front view of the prctcesBes will be obtained, or by makiDg a 
transverse section through the globe of the eye, when they may be 
examined from behind, aa in Fig. 439. 

1407. In addition to the figore (slightly enlarged) displaying the 

arrangement of the fill series of dliary prooeases, a more highly 

magnified view of them, with tiieir vesseb injected, is ^ven in 

Fig. 440. 

■ 1408. The vessels derived from the arteria emtraiit retina, and 
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distributed to the rasoalar membrane of the retina, form, whan in- 
jected, an object of great interest ; it is shown in Fig. 441. 

1409. In the progress of development of the human organs of 
viuon, during embryo life, the orystalline lens is found embedded 
between two highly vascular membranes ; the one is the anterior, 
and the other the posUrior, capault of th» htu. These membranes 
appear to attain their mazimom (greatest) development at a certain 
given period, from which time the vessels begin to disappear by ab- 
sorption, and at the time of birth are entirely removed. 

1410. The capillaries of the anterior capsule (Fig. 442) are de- 
rived from the ciliary arteries, and form a beaatifol series of loops 
divided into four somewhat triangular spaces, which collectively oc- 
cupy the entire membrane, save the centre. In the process of ab- 
sorption, the central portion is fiist removed, in eaoh triangle, and 
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tluB proceas oontinueB until four arohed Tessels alone remain attached 
to the inner cirQumference of the membrane, and finally these dis- 
^pear. 

1411. This membrane is sometimes (at a certain age) found at> 
tkobed to the orTstalline lens, and sometimes it is detached j when 
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the latter ocanrs, it has been nsnal to oall it " membrana pupillaris" 
— it is in reality the anterior capsule of the lens. 

1412. The posterior ca[«ule lies between the crystalline lens and 
the vltreons humor. To perform its function, it requires to be vas- 
cular, but from the peculiarity of its position it appears to be out 
off from all sources of supply. 

1413. The arteria centralis retina passes through the vitreous 
humor, and having reached the p,„ ^, 
posterior capsule, terminates in a 
plexus of capillaries distributed 
to that membrane, bat which are 
not nearly so numerous as those 
of the anterior capsule ; they are 
represented in Fig. 443 ; a is the 
terminal portion of the arteria 
centralis retina. 

1414. The vessels of the pos- 
terior, like those of the anterior 
capsule, are removed by absorp- 
tion when their function has ceas- 
ed, and the lens fully formed ; it ■ 

sometimes, but rarely, happens that they become permanent, and 
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when tJiis occurs they prodaoe a. form of bliitdneaa fbr whii^ there 
ie no remedy. 

1415. Amongst other tiggnes which enter into the compontion 
of the eje-Udg, Bre two thin lamellte of fibro-cartiUge, called the 
tarial cartilages, which give form and rapport to the eje-lids. 

1416. Between these cartilages, and embedded in them, lie the 
Meibomian glands, so called from MeiboniiuB, their discoverer. 
They consist of a long duct, which opens npon the edge of the eye- 
lids, surrounded by a olnster of follicles, which conceal the tube, ex- 
cept at its terminal portion. Ah these glands extend the whole width 
of the cartilages, they are necessarily longer in the upper than the 
under eye-lid ; they differ in number in the two lids, ther« being 
twenty-four in the upper and thirteen in tie lower lid. 

1417. These glands secrete a fatty matter, and may be regarded 
as a form of sebaceous glands. Their chief function appears to he 
to keep the margins of the eye-lids soft (greasy), and prevent adhesion. 
They can at all times be well seen npon tlte inner surhoe of the lids, 
shiaiog and glistening like so many rows of pearls (Fig. 444). In 



composition they consist of a lengthened tnbe, or duct, which extends 
from one end of the gland to the other. On either side a number 
of small follicles are found, so densely clustered as to entirely con- 
ceal the duct, except at its termination. The tarsal oartiligea are 
grooved for the reception of these glands, which are retained in their 
place by & layer of cartilage, which folds over each gland, and another 
similar layer, which folds over the former. By lifting up these two 
folds, a gland can be easily li^d out of the groove in the lower 
cartilage, not being in any way attached to it. An enlarged figure 
of a gland, so obt^ed, is shown in Fig. 445 ; whoi magnified, 
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each gland is seen to consiBt of a basement mem- ^°' *^ 

brane (a), and an epitbeUnm [b) oontaiuing aeba- 
ceons matter ; c repreeenta the orifice of the duct. 
Tbeae glands are snbjeot to disease, espeoiall; in 
children, vhieh appears to partake of a oongested 
character; the seorelwn is suspended, and the 
dnots closed np; in this form of disease the mar- 
gLDs of the lids become inflamed, and tbe loss of 
the eye-lashes iDvariably follovs. 

14IS. Thus we hare seen tbese complicated 
optical infftroments, the most nniveiBal in their 
distribution in the animal kingdom, and b; far tbe 
noblest organs of sense, gradnally advanoiog to 
perfection, &om the animals of lowly organization, 
in which we first fonnd them, np to man, where all 
their internal essential parts, and their external 
accessory apparatus, are the most ezqnisitely fin- 
ished, and most minutely adjusted. It is chiefly 
throogb their means that he is connected to the 
external world, that he is enabled to pioTide for 
his wants, to acquire the materials of thought, mo>«d uid maguioed. 
to enjoy the sablime spectacle of the starry Heavens, and to gaze 
with ferrent admiration upon the wonders and beauties of ever 
dianging Nature, as revealed to him in this magniflcent World I 
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atlon* AtoIb. ISma.... doth, 8 60 

EalfoalAOOO 

D emocracy in France. 
18ma I'Apor, 85 




1 ToL ISma 



1fliCnCTiTiAjiJrtkup--OonttWMd. 
As Itl«. 

Cloth, 1 00 



Hall* B« R« Tke New Pu» 
eluwe ) ery BarlyTewra In the 
VarWest* Dlnstrated. 12m<k 

doth, 195 

Harrr Bfalr. A Seotttoli 
StoiT* ISma Oloth, T5 

Homllton'a Phflosophy. Ar- 
ranged and Edited bj 0. W. 
Wight 1 ToL Sra Cloth, 1 60 

The Same^ In lUI eali; 8 00 

Heartsease | er, The Bretber's 
Wife. Bj the Author of **The 
HelrofReddlTlfe." StoIh ISma 

Cloth, 1 60 

Heir efRedelylA (The). ATUei 
Sto1& ISma Cloth, 1 60 

Helelae | or. The UnreTealed 
Secret. By TilyL ISma.... 

Cloth, W 

• 

Holaies's Tempest and Sun- 
shine ) er, lilft In Kentncky. 
ISma Cloth, 1 00 

The English Or- 
phans. ATala ISma Clotti, 75 

Heme is Heme. A DesMstle 
Stery. ISmc Cloth, 76 

Heme; or. The Ways ef the 
Werld. By Xn. Beerea. ItoL 
(Inpreaa.) 

Henseheld Mysteries. By the 

Author of *«Ught and DarknesB.'* 
iToL ISma 1 €0 

Hnnf s Pnntelegleal System 
ef HIstery. FoUo^ dotti, 8 00 

leenographlc Oyolepmlla ef 
Science) IJIteratorey end 
Art, Syatenmtlcally Ar- 



». lUastrated with 600 flae 
steel plate engrsrlngi. 6 Tola. 

Half moroeeo, 40 08 



. Or In fydl moroooo, 60 88 

Or In separate dl?i>lon8 :— 



The I«aws ef Natnre; or, 
Matheamtios^ Astrenomy^ 
Physlcsy and Meteorolefy 
ninstrated. With an Atlas of 
twenty-nlnestec* plates, containing 
twelve hondred lUnstrationa. 8 
Tohi Cloth, 6 08 

The Sciences; er. Chemistry , 
Mineralecy^ and Ctoelecy II- 
lastrated. With an Atlas of 
twenty-8mr steel platea, containing 
one thonasnd lUastratfcHiSb SyoIsl 

Cloth, 8 00 

The Aaatemy ef the Hnmnn 
Bedy; er, Antlurepelegy 11- 
ittstrated. With an Atlas oT 
twenty-two steel platee» containing 
six hundred lllostrationai 8 yoI& 

Cloth, ft 00 

The Cenntrles and Cities ef 
the World; or. Geography 
Illustrated. Inolading a Com- 
plete Ckrman and EngUiih Oeo- 
grapbical Glosssry. WithanAtlaa 
of forty-fonr steel plates, containing 
Oeographloai Maps and Plans of 
atiesL STok doth, 5 00 

The Casteau and Costumes of 
People of Ancient and IHed- 
em Times ; or. History and 
Bthnology Illustrated. With 
an Atka of eighty-one steel plates, 
containing Ibnrteen hnndved lllos- 
trations. StoIs. doth, 8 08 

The Warfkreef All Ages; or, 
Hllltary Sciences Illustrat- 
ed. With an Atlas of fllty<«ne 
steel plates^ containing fifteen hun- 
dred Ulsstratlona. 8 toIsl. .doth, 5 08 



•-«*■ 



9« Snieton 4 fmtfm^$ ^ttbGcatiom^ 



IPP^I'ffT.^TAinWW^^' Aiy'^th'i fflMi 



The NaTlgattov •f All Ages; 
or^NaTal Sidenee IllHstrae- 

ed. Wttfa an AOas of thirty-two 
Bted pUte^ oonta nlng slz hundred 
UlaBtntiOD& 2 Yolb.. .... Cloth, 4 00 



The Art of Bnlldlns te 
ctent aad Bf edem 1l 
or, Arohiteetare Illutnic 

ed. With an Atlas oT aiztf steal 
plates^ oontaining 1100 iUnatratlons. 
S Tolfc Oloth, 00 



f savBH-j* The NftCue 
af BTllt eeniildered fai a 
lietterto the Rer. Edward 
BeeehertD*D* 1 toL lOtaia 

aoth,ioo 



Jaaiefl, G« P. R« aad BI. B« 
field. Adrlea; or, The 
Cloads of the Bliad* 12ma 

Olotfa, 



T5 



The BeBgioao of Aaeleat aad 
IHodera Times ; or. Mythol- 
ogy lUaatrated. With an 
Atlas of thirty sted plates, contain- 
ing eight hundred iUnstrations. t 
Totat Cloth, 4 00 



The Flae Arts Illi 

Being a Complete History of Boulp- 
tore, Painting, and the Graphic 
Arts, iadndlng a Theory of tiie 
Art «t Dnwlng. With an Atlas of 
twenty-dz steel plates, containing 
liTe hundred iUostxatlons. S yo]& 

Cloth, 4 00 

Techaoiogr lUaotrated. Being 
a Series of Treattses on the Con- 
straotlon of Roads, Bridges, Canals, 
Hydranllo Bngineo. Flonrlng and 
Spinning Mills, and on the Prin- 
cipal Prooeedlngi in Cotton Mann- 
Ihctnie, Cotnlng, lilnli^, Me- 
tsllorgy, Agrlenltnro, Ao. With 
sn Atlas of fhlrty-flTe steel plates, 
containing 1,100 engtarlnga S 
yola. Cloth, 4 00 

A Dtry/fw eopim only r«mai% qffh^ 
o&ooflL Early orden are neost- 
tarftoteoarelhmn, 

IO« A Tale of the Aaeleat 
Faae« By Barton. Itmo. Olofh, 16 

Irish (The) Abroad and at 
HoBiOy at the Coart aad la 
the Camp, lima Cloth, 1 00 

Ishaaa»s Had Cahia ; or, Ohar- 
Rcter aad Teadeaey of Brit* 
Ish lastltatloBS. ISmOk Ciodi. 1 00 



lamesoB (Olta.) Commoa- 
•lace Booh of Thoachts» 
]ll.*«oories9 and Faacies. 

ISmo. ^.CloCh, 90 

Half self extxm, 1 75 

JohBSOB« A* B* rhe Bf eaaias 
of Words* ISmo. Cloth, 1 00 



lilfe. ninstnted with nu 
meroQS woodcuts. S toIs. 12mo. 

Cloth, 1 1.« 

Insheep^ S 96 

InhalfcaU; 4 00 

JaMO ClUTord. A Talo« By a 

Lady. With mnstraUona limo. 

Clo^ 1 16 

KaTamai;h, Jalia* Womea of 
Chrlstlaaltyy Exemplary for 
Piety aad Charity* 19ma 

Cloth, 76 



Nathalie* A Tale* 



ISmo. Cloth, 1 00 

— — — — — Bladoleiaos 18ma 

Cloth, 76 

'— ^— Daisy Boras* ISmo. 

doth, 1 00 



Gvaeolioe* ..Cloth, 1 00 

— Raehel Gray* Itaa 

Cloth, 76 

Thesaait. CToImueSb 

Halfesi(lOO0 

Keats' Poetical Worhs. 1 toL 

ISmow aotfa, 1 00 

Gnt edges, 160 
Antique or eactm moKwcoi 6 60 



^ / 



